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EDITORIAL 
COMMON SENSE HAS ITS VALUE STILL 


WHEN the various organs and tissues of the animal body perform their 
functions efficiently and in harmony with one another good health prevails. Good 
health betokens also soundness of that inscrutable thing called the mind. When 
any part of the body fails to comply with these requisite standards of structure 
and function it is said to be diseased. 

The influence of disease varies greatly in its effects upon the animal economy. 
The deleterious effects of disease cannot be measured always according to the 
apparent extent or physical appearance of the lesion. An insignificant change 
either in the structure or function of a vital organ such as the brain, the heart or 
the kidney can be a harbinger of death, whereas foul cankerous lesions in muscle 
and skin may at their worst proclaim inconvenience or zsthetic revulsion. 

Disease processes may be confined to the individual. Something has gone 
wrong with his own metabolism. He suffers alone, and no matter how great are 
his personal troubles he is not a danger to his neighbours. An illness of this type 
affecting an animal may provoke an intense sentimental reaction in the onlookers, 
but the economic repercussions are proscribed according to the value of the 
beast. The effects of this kind of disease are assessed best according to their 
nuisance value and in many cases sentiment and economic factors are best served 
by the destruction of the patient. 

Other diseases, which arise from some microbiological cause, are often 
communal in their impact for they can be transmitted from one animal to another 
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and bring chaos and financial ruin in their train. Pestilence and famine, as a 
result of contagious disease affecting animals and men, have scourged the world 
since history began. In the fight against disease two things are of prime impor- 
tance, recognition at the earliest possible moment and a knowledge of the cause. 
If these two precepts are fulfilled the fire may be prevented or snuffed at its 
inception. Recognition calls for clinical acumen, and it is not necessary always 
to know the cause. The control of a disease and its immediate and ultimate 
effects requires a fair knowledge of the natural history of the complaint, and this 
is not complete until the cause is disclosed. In this latter respect we are in great 
debt to the bacteriologists and parasitologists. Their work in the realms of 
microbiology has laid bare the form and function and the life story of many of 
the organisms responsible for contagious and infectious disease. It may be that 
the workers have pursued their academic studies in resolving the details of the 
structure of the “little animals” per se too deeply and a little to the detriment 
of their place in the cycle of natural history and animal economy. It may be that 
the clinicians rely too readily upon the factual reports from laboratories and 
delay diagnosis until these are received. It may be that this dependence on 
laboratory support has dulled the clinicians’ cunning. If this is the case it is 
to be deprecated. A man can recognise a well-known picture without being 
able to describe it with the great detail as an artist would. The interesting 
article by Professor Fluckiger which we publish in this issue is a most striking 
illustration of the rapid spread of an extremely contagious disease. If it had been 
recognised at the beginning when the animals came to the frontier and appro- 
priate action had been taken it could have been eliminated immediately by 
simple clinical control methods. The most interesting account of the mutation 
of the virus adds to the store of virological knowledge, and in that manner the 
epidemic has served a most useful purpose. On the other hand, there can be no 
doubt that much loss and inconvenience could have been avoided if routine 
police measures had been instituted when the clinical picture first told its tale. 
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GENERAL ARTICLES 


THE ESTIMATION OF PROTHROMBIN IN 
CHICKEN BLOOD 


By L. G. CHUBB and P. L. LONG 


The Houghton Poultry Research Station, Houghton, Huntingdonshire 


A NUMBER of reports of field cases of the so-called hemorrhagic syndrome 
in poultry have been published (Gray, et al., 1954; Goldhaft and Wernicoff, 
1954; Cover, et al., 1955). In many ways it resembles the avitaminosis K 
syndrome in which the normal blood-clotting time is prolonged. Vitamin K is 
synthesised in the gut although the use of certain growth stimulators (arsenicals, 
antibiotics, etc.) and coccidiostatic drugs may reduce such synthesis substantially. 
In consequence, the problem of prothrombin estimation as well as inquiries into 
the effect of such drugs on the blood-clotting system of the fowl emphasises the 
need for a standardised method by which prothrombin can be determined. The 
one-stage method of Quick (1935, 1938) has been used widely but a diversity 
of results obtained by this method has been noted when applied to the blood 
of fowls. Usually thromboplastin is obtained from a tissue extract, preferably 
of the brain, from the same species of animal; but dehydrated rabbit brain 
may be employed for the determination of prothrombin in the blood of man, 
dog, rabbit, horse and cow (Quick, 1945). The venom of the Russel viper 
and other snakes has a strong thromboplastin-like activity and Fullerton (1940) 
introduced the viper venom as a reliable source of thromboplastin for the esti- 
mation of prothrombin. Asplin and Boyland (1947) used this method when 
investigating the effect of certain sulphonamides upon the blood-clotting system 
of chicks. Several other workers have reported prothrombin times in chickens 
(Yacowitz, et al., 1955; Cover, et al., 1955; Cuckler and Ott, 1955) but none 
give a detailed description of the preparation and activity of the thromboplastin 
preparation used. The present paper outlines the procedure for the preparation 
of chicken thromboplastin and compares its activity with that of other sources of 
thromboplastin. 

Materials and Methods 

Three sources of thromboplastin have been used : 

(1) Russel viper venom—supplied under the name of “ Stypven ” by Messrs. 
Burroughs Wellcome & Co. The venom in the dry form (0.1 mg.) and 1 ml. 
distilled water was supplied in separate ampoules. 

(2) Mammalian thromboplastin—supplied under the name of “Bacto- 
Thromboplastin ” by Messrs. Difco Laboratories and prepared from rabbit brain. 

(3) Chicken thromboplastin—prepared as follows: White Leghorn chickens 
two to three weeks of age were killed by dislocation of the neck. The 
brains from ten chickens were dissected out and the pia and blood-vessels 
removed. The brains were then placed in a mortar and ground into a paste 
with a pestle. The paste was ground again under acetone which was replaced 


4 THE BRITISH VETERINARY JOURNAL 


several times after withdrawal of the milky supernatant fluid. Finally the 
acetone was removed and the material dried in vacuo. About 1.5 g. of fine 
powder which was obtained from ten brains was then transferred in 0.25 g. 
amounts to screw-capped bottles. These bottles were evacuated and the finished 
preparation stored at -20° C. 


Preparation of Thromboplastin Emulsion 

The Russel viper venom and rabbit brain preparations were treated 
according to the instructions of the manufacturers. A sample of 0.25 g. of the 
dehydrated chicken brain was placed in a centrifuge tube and covered with 
5 ml. of physiological saline to which 0.1 ml. of sodium oxalate solution (1.34 g. 
dissolved in 100 ml. of distilled water) had been added. This mixture was left 
in the water bath at 45° C. for ten minutes and then centrifuged at 500 r.p.m. 
for two or three minutes. A milky supernatant emulsion free of any coarse 
particles was obtained. This emulsion was used in all the prothrombin 
determinations. 

Blood samples were obtained by frontal heart puncture from two- or three- 
week-old R.I.R. x W.L. chickens and the plasma obtained by the centrifugation 
of blood containing a dry oxalate mixture (1.2 mg. ammonium oxalate plus 0.8 
potassium oxalate per c.c. blood). 

Each determination was made in a small Pyrex test-tube 9 to 11 mm. 
diameter and 5 cm. long. To o.2 ml. of plasma, warmed for three to 
five minutes in the water bath at 37° C, was added 0.2 ml. of thromboplastin 
suspension likewise warmed at 37° C. Calcium chloride (0.2 ml. of 0.25 per 
cent solution previously warmed to 37° C.) was blown forcibly into the mixture 
and the stopwatch started simultaneously. The tube was then shaken very gently 
and the time of appearance of an opaque rigid clot recorded. 


Results and Discussions 
A diversity of results has been noted in a limited number of papers published 
on the estimation of prothrombin time of chicken blood and little experimental 
detail has been given. The present paper records the results obtained with the 
one-stage method of Quick with different sources of thromboplastin. 


Table 1 


The Effect of Dilution of Chicken Thromboplastin on the 
Prothrombin Time of Chicken Plasma: 


Prothrombin Time 
Dilution No. of Chicks (secs.) and Standard Error 
Full Strength* 5 18.7 # 1.2 
1- 10 5 27.2 + 1.6 
1: 100 5 40.9 + 0.4 
1 + 1000 ) 117.1 +15.0 


* The supernatant emulsion obtained from 0.25 gm. of dehydrated 
chicken brain suspended in 5 ml. physiological saline 
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When the supernatant emulsion obtained from a suspension of dehydrated 
chicken brain in physiological saline (0.25 g. suspended in 5 ml.) was diluted 
up to 1: 1000 a marked and an expected increase in prothrombin time occurred. 
At the high dilution of 1: 1000 the standard error of the mean was increased 
some tenfold compared with lower dilutions. 


Table 2 


Comparison of the Prothrombin Time of Chicken Plasma using 


Chicken Brain Thromboplastin and Russel Viper Venom 


Source of Thromboplastin | No. of Chicks} Prot mbin Time (secs. 
and Standard Error 


Chicken Brain*™ 16 18.5 + 1.5 


Russel Viper Venom** 16 17.8 + 2.4 


x Full strength as under Table 1 


um O.1 mg. dried venom per 1 ml. distilled water 


Table 3 


Comparison of the ®ffect of Dilution of Chicken Thromboplastin & 
Russel Viper Venom on the Prothrombin Time of Chicken Plasma 


Thromboplastin: 
Dilution | No. of Chicks | Chicken Brain Russel Viper Venom 


Full. 

Strength 10 15.2 + 0.02 15.2 + 1.2 
1: 10 10 20.3 + 0.7 35.3 + 2.2 
1: 100 10 25.2 + 0.6 55.7% 3.9 


= As under Table 2 


As expected, dehydrated chicken brain as a source of thromboplastin proved 
to be the most specific for the estimation of prothrombin time of chicken plasma. 
Whilst Russel viper venom as a source of thromboplastin has been used widely 
for the estimation of prothrombin, Quick (1945) pointed out that its action 
may not be identical with that of the physiological activator of prothrombin 
from other tissues. No significant difference was found on sixteen samples of 
chicken plasma between the mean prothrombin time obtained with chicken brain 
thromboplastin and Russel viper venom but the range measured by the standard 
error, was nearly twice as large with the venom source of thromboplastin 
(Table 2). 


The greater specificity of chicken brain thromboplastin was also noted when 
the prothrombin times obtained by this method were compared with those 
obtained with viper venom in various dilutions (Table 3). At a dilution of 
1: 100 the mean prothrombin time obtained with viper venom was twice that 
obtained with chicken brain thromboplastin and the error range six times as 
large. 
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When chicken brain thromboplastin is used, the plasma may be diluted with 
an equal volume of physiological saline solution without the prothrombin time 
being increased significantly. On the other hand, a significant increase occurs in 
the prothrombin time of diluted plasma when viper venom is used and the error 
range increased some five-fold. 

Data of a comparison of the prothrombin times obtained with human and 
chicken plasma when using three sources of thromboplastin are presented in 


Table 4 
Comparison of the Prothrombin Times of Unaltered and Dilted Plasma 


Plasma: 
Source of Thromboplastin | No. of Chicks Unaltered Dilutea* 


Chicken Brain (1: 10) 5 20.3 + 0.7 22.0 + 0.5 
Viper Venom (1: 10) 5 14.1+ 1.3 20.6 + 5.8 


a Diluted with an equal volume of physiological saline 
Table 5 
Comparison of the Effect of Various Sources of Thromboplastin on 
the Prothrombin Time of Huma 


n_and Chicken Plasma 
Standard Error 
Thromboplastin No. of Blo3d Human Plesma*| Chicken Plasma 
amples 

NIL 5 225.6 + 11.5 | 297.8 + 47.2 
Russel Viper Venom 5 20.2+ 1.8 9.9 + 0.5 
Chicken Brain 5 193.4 + 24.9 12.8+ 0.8 
Rabbit Brain 5 27.0 + 1.8] 132.8 + 25.1 


# Obtained from the blood of five adult males 


Table 5. These confirm the results obtained by Quick (1945), in which he also 
noted the absence of any group specificity with viper venom. No reason for this 
has been advanced, but in view of the complex nature of the blood-clotting 
process and the newer view that thromboplastin acts not directly on prothrombin 
but on such substances as proconvertin and proaccelerin (Dam, 1953), it is 
possible that the site of the physiological action of viper-venom thromboplastin 
may be different from that of the species specific thromboplastin. 


Summary 

An account has been given of the preparation of thromboplastin from 
chicken brain and its activity in determining the prothrombin time of chicken 
plasma. Russel viper-venom thromboplastin has also been evaluated in this 
respect and compared with the activity of chicken brain thromboplastin. Greater 
specificity was shown with the latter source of thromboplastin judged by its 
activity on dilution and with diluted plasma. In all the determinations made 
the error range was between twice and ten times as great with Russel viper venom. 
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Note on the 
OCCURRENCE OF FOOT-AND-MOUTH DISEASE 
IN SWITZERLAND FROM A BELGIAN INFECTION 
in the Period May 14 to July 5, 1956 


By Professor DR. G. FLUCKIGER 
Chief of the Federal Veterinary Office, Berne* 


On May 14, 38 wagons containing pigs arrived at the Bale customs 
house. The pigs were en route to Italy. Veterinary examination revealed that 
the pigs were affected with foot-and-mouth disease. Unfortunately, for various 
reasons the animals were not slaughtered in Bale. Since the veterinary authority 
on the Italian frontier stated that the pigs would be permitted to be imported 
into Italy under any circumstances, the pigs were transferred to special 
watertight wagons and despatched from Bale to Chiasso, via St. Gothard. The 
special watertight wagons are constructed so that animal excretions cannot escape. 

Following this incident and between May 19 and 28, foot-and-mouth disease 
was confirmed on five farms along the St. Gothard railway line in the following 
communes: Breganzona, Quinto (TI), Steinerberg, Arth (SZ) and Benzenschwil 
(AG). Suspecting some connection between the appearance of these cases and 
the consignment of Belgian pigs, the wagons used for the journey were examined 
with regard to their water-holding capacity. It was discovered that several of 
the wagons were not watertight, and animal excretions could escape from them. 

Following the confirmation of foot-and-mouth disease in Bale in the pigs 
coming from Belgium, the Federal Vaccine Institute diagnosed the presence of 
type C virus. This type had been notified also in the country of origin. The 
same type was discovered in the outbreaks at Breganzona, Quinto, Steinerberg, 
Arth and Benzenschwil. It was concluded that the five outbreaks mentioned 
above, along the St. Gothard line, originated from the consignment of Belgian 
pigs, and especially since type C virus had not been identified in Switzerland for 
a considerable period prior to these outbreaks. 

While it was possible to stamp out the disease in Tessin and initially also 
in the canton of Schwyz, it was not possible in the canton of Argovie. There 
was delay in reporting the outbreak at Benzenschwil. In addition, the farm 
where the disease was confirmed is situated on the edge of a road over which 
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there is much traffic. There were, therefore, many opportunities for the epizootic 
to spread to other farms during the days when no doubt the disease existed but 
was not recognised. In this area there is much movement of people into other 
districts and the transfer of cattle to the alpine pastures had begun. During 
the following weeks the following outbreaks were reported in the cantons of 
Ziirich, Lucerne, Schwyz, Zoug and Argovie :— 


From June 4 to June 10... ~—-56_ outbreaks 
> bd II ” 9 I 7 iat I 7 9 
” » (I 8 ” » «24 Jo 13 ” 
9 » 25 99 July I oC 8 ” 
« SR e a eS ww I outbreak 


Among these, the canton of Argovie alone had 50 outbreaks originating at 
Benzenschwil. 

The last outbreak having a connection with the foregoing was confirmed 
on July 5 at Oberembrach. This epizootic had therefore lasted from May 19 
to July 5, 1956, ie., only seven weeks. A total of 1,264 cattle and 894 pigs 
were slaughtered. In addition to the unfortunate delay in reporting the first 
outbreak in Benzenschwil and the intense movement of people and animals, etc., 
the campaign was affected unfavourably by the appearance of various types 
of virus. In the first five cases confirmed, type C was identified. On June 2 
the Federal Vaccine Institute at Bale suddenly confirmed type O virus in a case 
occurring at Winterschwil, near Benzenschwil. On June 19, following the 
notification of an outbreak at Wadenschwil and later on in other cases, the 
Vaccine Institute identified the presence of type A virus. Thus, from May 19 
to June 2 the virus was exclusively type C. After that date type C could no 
longer be demonstrated. From June 2 to 19 all the identifications were type O 
and later on types A and O. This variation in the types raised great difficulties 
in the preparation of vaccine because of the necessity to employ the correct vaccine 
on each occasion. 

Dr. Moosbrugger, Chief of the Federal Vaccine Institute at Bale, has 
reported on this question as follows :— 

“The diversity of the types shows the importance of a thorough examination 
of foot-and-mouth disease outbreaks. It is not sufficient to determine the type 
in the first outbreak alone; it must be determined again at every further spread 
of the disease. 

“The question arises whether the type C, having caused the first five 
outbreaks of foot-and-mouth disease along the St. Gothard line, underwent muta- 
tion in course of time, or if another source of infection existed. During that 
time hundreds of cars, etc., crossed Switzerland every day from countries where 
foot-and-mouth disease had been reported, such as Belgium, France and Italy. 

“It is therefore impossible to determine if the introduction of the disease 
by pigs from Belgium was accompanied by a second source of infection, or if 
mutation of types occurred only, especially as the origin of the types A and O 
cannot be proved. We consider mutation as the more likely possibility. 

“ The first material from Benzenschwil was naturally taken from an animal 
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Chiasso} the same pigs arrive on morning of 15 May 
5 primary outbreaks, confirmed between 19 ~- 30 May 
Oo on farms situated directly along the railvay line Ai | ; 
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with recent vesicles and contained the type of virus with which the premises 
had been infected. At that time, however, many other animals had been affected 
for several days without the disease having been reported, thus permitting the 
further spread of the epizootic. Under these circumstances and considering that 
sudden large-scale production of the virus became possible, it is very likely that 
mutation took place. Although the infectivity of the virus had already been 
shown by the outbreaks along the St. Gothard railway, up to the present time 
the original type C had never shown, at the beginning of epizootics abroad, a 
virulence such as that observed at Benzenschwil. Mutation of virus might, 
therefore, among other factors, have influenced the capacity of resistance against 
influences outside the animal body, such as those of light and radiation from 
the sun. On the other hand, the degree of infection seems to have been 
irregular, as a relatively small number of animals in some premises became 
affected. Similar observations were made in France last year. Mutation 
frequently upsets genetic equilibrium. It is also known that mutations are rarely 
reversible. The existence of type O having been fully confirmed, this fact was 
taken into consideration when using vaccine. Thus, outside the central zone of 
Benzenschwil where C virus could still be in existence, vaccine OA was then 
employed. The four confirmed cases of type A infection had no connection with 
each other, geographically or epizootically, so that an almost simultaneous multiple 
mutation would have to be admitted. 

“This is the first time, to our knowledge, that mutation of types of foot- 
and-mouth disease virus has been observed in the field within such a short period 
of time. Observations of this kind are of much importance in the control of 
foot-and-mouth disease. 

“The supposition that the infections were independent of that introduced 
by pigs from Belgium can hardly explain the simultaneous appearance of a 
series of outbreaks like those which occurred between June 1 and 10 in the 
region of Benzenschwil. The cause of the spread was evidently the failure to report 
the presence of the disease at Benzenschwil, the centre of the infected area, 
together with the possible simultaneous mutation of the virus type. 

“To summarise the position, there were two successive outbreaks. The first 
was caused by type C virus, introduced by the consignment of pigs from Belgium, 
and consisted of five outbreaks : four of the outbreaks were stamped out without 
any further spread. The second epizootic was caused by type O and later by 
type A virus, following the mutation of the original type C virus: this epizootic 
originated in Benzenschwil and its spread was entirely due to a failure to report 
the presence of the disease. 

“One might also wonder whether vaccination was the cause of the mutation 
of types. It is difficult to justify such a hypothesis. The animals in the first 
premises, secondarily infected at Benzenschwil, where type O was confirmed, had 
been vaccinated previously with vaccine of type AC. In the same manner, on 
the first premises where type A was confirmed vaccine OC was used. 

“From May 1g to July 5, 175,000 cattle were vaccinated. During the first 
15 days after vaccination, several outbreaks were observed in the zone of infection 
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or on premises where contact had already taken place. Outside the zones in 
question, and although the same vaccine was used, there was not a single outbreak, 
proof that the vaccine was not infective and that the outbreaks were in no way 
connected with vaccination. 

“On the other hand, the observation seems once more to be confirmed 
that during the so-called negative phase, i.e., during the period from the third to 
the tenth day after vaccination, animals may be more susceptible to infection, 
which could depend, however, upon the characteristics of individual animals. In 
any case, experience shows again that in vaccination for the prevention of foot- 
and-mouth disease the most favourable conditions ought to be provided for the 
vaccinated animals, such as keeping them in the stable, avoidance of sudden 
changes in environment, adequate feeding, etc.” 

We have sent to the International Office of Epizootics a complete report on 
the findings in Switzerland. If the type C virus originally imported from Belgium 
did in fact mutate into type O and this latter in its turn into type A, the following 
questions are raised :— 

(1) Have mutations occurring within such a short period of time appeared 
before and not been noticed because of insufficient investigation and through 
lack of knowledge of the possibilities of such mutation ? 

(2) Or, have such mutations only occurred recently? If so, why? Could it 
be that at last the extensive vaccination being practised continually in many 
countries, different vaccines being used, enabled the virus to mutate more readily ? 

I should like to leave the virologists to answer these questions. In any case, 
facts such as those established at the Bale Federal Vaccine Institute between 
May 19 and July 5, 1956, give rise to serious reflections concerning the effective 
control of foot-and-mouth disease and urgently demand the taking of over-all 
measures to destroy the virus and prevent the appearance of mutants and variants. 

If it were not possible, for reasons already given, to stamp out the foot-and- 
mouth disease epizootic introduced by the Belgian pigs in the primary outbreaks, 
nevertheless the Swiss system of prophylaxis has once more proved itself. Bearing 
in mind the actual conditions as well as the mutations of the types, this occurrence 
of the disease in Switzerland was one of the most severe that the country has 
ever known. 

After July 5 and until September 10, outbreaks were still reported in the 
southern part of the country, in particular in the canton of Tessin; these out- 
breaks, however, had no ztiological connection with the outbreaks cited above. 
Their origin was the Italian frontier zone where cases of foot-and-mouth disease 
occurred in the month of July, although this was not known in Switzerland. 
These 10 outbreaks included a total of g9 cattle, 89 pigs and 309 goats. 

The introduction of foot-and-mouth disease from Belgium and Italy into 
Switzerland in May and July, 1956, once again proves very strongly how great 
is the danger for countries situated near those in which infectious diseases exist, 
including foot-and-mouth disease. This is true whatever: the type and form of 
the particular disease. At the International Veterinary Congress in New York 
in 1934 and again in numerous publications and at conferences, I have stressed 
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repeatedly the necessity of applying the slaughter policy in the campaign against 
foot-and-mouth disease and have drawn attention to the fact that the ways and 
means at our disposal to-day permit, at least in the more developed countries, the 
eradication of the epizootic within a relatively short period of time, as has been 
proved by Switzerland and other countries. I should also like to refer to the 
Conference convened in Berne from November 8 to 10, 1951, by the International 
Office of Epizootics in Paris to deal with questions arising from the prophylaxis 
of foot-and-mouth disease. The representatives of 16 European countries took 
part. On this occasion a decision was taken, of which the following is the 
preamble to point No. 1 :— 


“The representatives of the official veterinary services of the various 
European countries, assembled at a Conference held in Berne under the auspices 
of the International Office of Epizootics on November 8 to 10, 1951, with the 
aim of achieving more effective control of foot-and-mouth disease, undertake (1) 
to approach their Governments with a view to the slaughter of animals found 
on infected premises, this measure being particularly indicated when the first 
outbreak or outbreaks appears in a country which has hitherto been free from 
the disease.” 

For the sake of brevity, I will not quote the other parts of the recommenda- 
tions, which have been published in the Bulletin of the International Office of 
Epizootics as well as in various scientific journals. At that time the representatives 
of two countries refused to agree to the provisions of point No. 1. 


The situation has changed, however, in that the slaughter policy has been 
introduced into several countries since 1951. Unfortunately, this system has 
not been carried out in all those countries whose representatives signed the 
convention. The time has come when all European countries should decide to 
apply this system, supported by the necessary police sanitary measures. The 
interests of animal economics demand it. It would be eminently desirable that 
OIE and FAO should, without delay, get into contact with the countries in 
question. 


Summary 

(1) On May 14, 1956, foot-and-mouth disease was introduced into 
Switzerland by a consignment of Belgian pigs in transit to Italy. Following the 
transport of these pigs through Switzerland, five outbreaks of foot-and-mouth 
disease occurred in five communes situated along the St. Gothard railway line. 

(2) It was possible to suppress four of the outbreaks at the primary centres 
of infection. Owing to unfortunate circumstances the disease spread from the 
fifth centre. Outbreaks occurring in the canton of Argovie involved a total 
of 1,264 cattle and 894 pigs. By July 5, that is after seven weeks only, the 
epizootic was stamped out. 

(3) The Swiss system of prophylaxis has proved itself once again. It consists 
in the simultaneous application of the following measures : (a) immediate slaughter 
of all infected herds; (b) preventive vaccination of all herds to which the disease 
may spread, using a vaccine prepared from virus cultivated in cattle; 
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(c) extensive disinfection; (d) prohibition of movement of people, livestock and 
goods. 

On July 27, 1956, the following statement was made by the International 
Office of Epizootics: “Now that the epizootic which began in Switzerland 
during May as a result of the transit of animals coming from Belgium appears 
to have ended, in spite of the fact that from the beginning the epizootic had a 
very invasive character, we may conclude that here is new and striking 
confirmation of the efficacity of the system of control of foot-and-mouth disease 
which consists in the rigorous application of sanitary measures and, in the first 
instance, in the slaughter of infected or potentially infected animals.” 

(4) The control was made more difficult by the appearance of various 
types of virus. In the first five outbreaks notified, type C was found, a type 
which had not been identified in Switzerland for many years, but which was 
reported to exist in Belgium. From July 2 to 19 only type O was found. From 
June 19 to July 5 the presence of type A virus was also demonstrated. 

(5) It is only by eliminating the virus that the occurrence of mutants and 
variants can be avoided. This is one more reason for the introduction of the 
slaughter policy in all countries. This system has proved itself over a long 
period. When applied together with the necessary police sanitary measures, 
foot-and-mouth disease can be eradicated from entire continents. 

(6) It is for OIE and FAO to propose the introduction of this system in, 
at least, all European countries. I have put forward such proposals on several 
occasions. I repeat them here, addressing myself to OIE and FAO. 

(7) The introduction of foot-and-mouth disease into Switzerland from 
Belgium proves once again to what extent, in view of the present intense traffic, 
neighbouring countries are menaced by cases of foot-and-mouth disease occurring 
in any place as long as the virus is not totally destroyed. 


EFFECT OF THE TECHNIQUE OF STAINING ON 
SPERM MORPHOLOGY 


By C. KRISHNA RAO 
Deputy Director of Animal Husbandry, Andhra, Madras 


In the study of sperm morphology for the evaluation of semen quality, all 
possible care has to be taken to eliminate artefacts. The methods of handling 
semen and semen smears have a great influence on the proportion of abnormal 
sperm. Thus, admixture of semen with water gives rise to coiled-tailed sperm 
(Walton, 1933) and sudden cooling causes some sperm to develop a bent tail. 
Salisbury, et al. (1942), demonstrated that certain artefacts are introduced during 
the process of making smears. Fixing‘of smears by heat is believed to damage 
sperm structure (McKenzie and Berliner, 1937; Deakin, 1943). Clearing of 
smears is stated to produce tailless sperm (Mercier and Salisbury, 1945). 
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The effect of the technique of staining on the proportion of abnormal sperm 
has not been studied. Two methods of staining are commonly employed for 
staining sperm. The first and most widely used method is what may be called 
the “ conventional method,” in which smears of plain semen are made, the 
stain poured over the smear allowed to act for some time, poured off and the 
slide washed in water, dried and the smear examined. The second is a more 
recent method and may be called the “ direct mixing method,” in which a drop 
of the semen and a couple of drops of the stain in isotonic solution are mixed 
together rapidly and smears made from this semen-stain mixture. This technique 
is generally adopted for making live and dead differential sperm count. What 
may be designated as the “ignition technique” of staining was introduced for 
the study of plant histology (McLean and Ireland, 1940), the essence of the 
technique being that an alcoholic stain solution is poured over the slide and 
ignited, the flame being extinguished by flooding the slide with water just before it 
goes out. This technique has not so far been applied for staining semen smears. 
There is yet another method which has been introduced by the author, which 
may be termed as the “dipping and blotting” method. In this method semen 
smears are made in the usual way, and for the process of staining the slide is 
dipped into the stain solution kept in a coplin jar and instantaneously removed.. 
The smear is dried rapidly by being pressed gently and carefully in folds of 
blotting paper. 


In the evaluation of any staining technique for the study of sperm 
morphology, two considerations stand supreme. The first and more important 
consideration is the effect of the technique of staining on sperm morphology. 
The second consideration is the time factor involved in the staining process. The 
direct mixing method and the dipping and blotting method are the fastest of the 
four methods, the ignition technique taking a little longer time than the previous 
two. The conventional method requires more time than the other techniques, 
the amount of time taken depending upon the type of stain employed. 


In so far as there are four different techniques of sperm staining for the 
morphological study of sperm, it was felt desirable to examine the merits of each 
method and ascertain if any of the techniques affects sperm morphology. 


Materials and Methods 


The semen of the bull and the buffalo were employed for this study. All 
smears required for this investigation were prepared from each sample, at the 
same time taking special precautions to avoid damage to sperm structure. Smears 
were always stained fresh as far as possible. Four different techniques of staining 
were studied. These were—the conventional method, the direct mixing method, 
the dipping and blotting method and the ignition technique. 


Smears to be stained by the conventional method were stained for half a 
minute with 1 per cent aqueous solution of erythrosin B or aniline blue. The 
same stains were also used by the dipping and blotting method. One per cent 
erythrosin B and 1 per cent aniline blue w.s. in go per cent alcohol were employed 
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for staining smears by the ignition technique. Five per cent indulin and 2 per cent 
rose bengal in M/8 phosphate buffer were used for staining sperm by the direct 
mixing method. Each semen sample was studied under all four different 
staining techniques. 


All the preparations were examined under the oil-immersion objective at a 
magnification of 800 and the proportion of abnormal sperm counted in each 
smear. A total of 100 sperm were counted in each smear and the abnormal 
were classified by grouping them into three classes. 


1. Abnormalities of the head. This group includes all sperm with unduly 
large or small heads and various deformities of the head. 

2. Abnormalities of the neck and tail. This group includes sperm with 
broken necks, enlarged or filiform or beaded connecting piece, bent tails, coiled 
tails, broken tails and other abnormalities of the tail. 

3. Tailless sperm. This simple method of classification was found to be most 
convenient and quite satisfactory to serve the object of this investigation. 


Results 
The results of the studies are presented in the following table :—- 
Distribution - abnormal sperm in smears stained by 


‘our different techniques 


— Mean $ abnormal sperm. 
Method of staining. 8 a 
Head Neck and Tailless Total 
tail sperm 
1.Conventional 10 0.7 302 0.8 4.7 
method 
2.Direct mixing ple) 0.8 303 1.0 501 
method 
3.Dipping and hlot- 10 0.7 3.4 0.9 5.0 
ting method 
4.Ignition technique 10 0.7 3-3 0.8 4.8 


From the data presented in the above table it is evident that as long as 
semen smears are prepared with due care, using proper techniques and good 
slides and materials and stained properly, the proportion of abnormal sperm as 
well as the distribution of the various types of abnormals in preparations stained 
by different techniques remain relatively constant. Even when the ignition 
technique was employed, not only in this study but in the course of the author’s 
other investigations, the structure of the sperm remained normal and there was 
neither disintegration of sperm nor was there any other type of damage. 


With the dipping and blotting method there is minimum handling of 
smears and the opportunity for introducing artefacts is considerably reduced. 
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With the conventional method of staining also there is very little chance for 
introducing artefacts, the only thing that is likely to happen being that a few 
sperm may be washed off during the clearing or washing process, and this should 
not significantly alter the proportion of abnormal sperm. In the case of prepara- 
tions obtained by the direct mixing method, the most important consideration is 
that the stain solution must be isotonic with semen to avoid any toxic effect on 
the sperm. When aqueous solutions of the stains are employed, a large number 
of bent-tailed sperm occur. The next important consideration is the process of 
preparing the smear itself, and all possible care should be taken to avoid damage 
to the sperm during this operation. In preparing the smears, care should be taken 
to see that there is sufficient quantity of semen-stain mixture to permit the 
smooth sliding and separation of the smears. In fact, the technique of preparing 
semen smears is by far the most important step in the morphological evaluation 
of semen samples, whatever may be the technique of staining adopted. 


Summary 
The effect of four different techniques of staining semen smears on the 
proportion of various types of abnormal sperm were studied. These techniques 
were—the conventional method, the direct mixing method, the dipping and 
blotting method and the ignition technique. 


The results of the present study indicate that as long as semen smears are 
made with the utmost care, using proper materials and techniques, the proportion 
of abnormal sperm in preparations obtained by different staining procedures 
remains relatively constant. Even when semen smears were subjected to such a 
drastic method as the ignition technique of staining, the sperm structure remained 
unaffected. 


The direct mixing method, the dipping and blotting method and the ignition 
technique are all very simple and rapid methods of staining and are very well 
adopted for practical application in routine artificial insemination work. 


From the present study, it is concluded that the most important step in the 
morphological evaluation of semen samples is the process of preparing the semen 
smears. 


REFERENCES 


Deakin, A. (1943) : “ Field fertility tests and causes of sterility in bulls.” Mimeograph, Dom. of 
Canada, Dept. of Agric., eo Farms Service. 

McKenzie, F. F, and Berliner, V. R. ( ogy Mo. Agric. Exp. Sta. Res. Bul. No. 265. 

McLean, R. S., and Ireland, E e (i940) J. Amer. Pharm. Ass., 29, 3 

Mercier, E., and Salisbury, G. W. (1945): J. Anim. Sci., 4, 174. 

Salisbury, G. W., Willett, E. is and Seligman, J. (1942) : Ibid., 1, 199, 

Walton, A. (1933) : “The technique of artificial insemination.” Imp. Bur, Anim. Gent. Edinburgh: 
Oliver and Boyd. 


XUM 


AUM 


FETAL FLUIDS IN RUMINANTS 17 


SOME NOTES ON THE 
QUANTITIES OF FQETAL FLUIDS IN RUMINANTS, WITH 
SPECIAL REFERENCE TO “HYDROPS AMNII” 


By G. H. ARTHUR 
Royal Veterinary College, Streatley 


Part 1—The Normal Feetal Fluids 


Introduction 

WINTERS AND FEUFFEL (1936) showed that in sheep the total quantity of 
foetal fluid increased during pregnancy and gave weights of 719, 1,013 and 
1,992 gm. at 84, 116 and 140 days’ gestation respectively. No figures were given 
for the separate amounts of amniotic and allantoic fluids. Further investigations 
on pre-natal growth in sheep, including notes on both amniotic and allantoic 
fluids, were made by Malan and Curson (1937) and by Cloete (1939). In both 
these South African investigations it was demonstrated that the total fluids 
increased throughout pregnancy with advancing age of the foetus. The individual 
fluids, however, showed different tendencies and the following conclusions were 
made from both inquiries (figures from Malan and Curson are given first). 
During the first three months, apart from an initial preponderance, the allantoic 
fluid accumulated slowly, e.g., 76 c.c. and 185 c.c. at three months, whereas the 
amniotic fluid increased greatly during this time and at three months reached 
500 c.c. and 698 c.c. In the fourth month the increase in allantoic fluid was 
greatly accelerated to 620 c.c. and 347 c.c., while the amniotic diminished or 
increased only slightly. In the last month of gestation the allantoic fluid doubled 
its volume to 1,140 c.c. and 762 c.c., and the amniotic decreased to 300 c.c. 
and 329 c.c. 

In his monograph on reproduction in the cow, Hammond (1927) stated : 
“Tt is remarkable that there is very little increase in actual weight of the (bovine) 
foetal fluids after the fifth month.” This statement was based on his own observa- 
tions, which showed a total foetal fluid weight of 6,510 gm. at five months and 
6,840 gm. at eight months’ gestation, and those of Bergman (1922), who gave 
corresponding figures of 7,600 gm. and 9,100 gm. respectively. 

Wright (1950) also asserted that the volume of bovine feetal fluid increased 
rapidly during the early stages of pregnancy until the five to six months period, 
after which it remained fairly constant. This author, however, gives no figures 
for foetal fluids beyond 150 days’ gestation. In Marshall’s “ Physiology of 
Reproduction ” (1952), there is repeated a similar view, based on the findings of 
Hammond and of Bergman. After the present work was begun, the publications 
of Swett, e¢ al. (1948), and Becker (1950) came to hand. In the meantime, the 
original work of Bergman (loc. sit.) was studied. 


Materials and Methods 
During the period 1949 to 1955, abattoir material collected for tutorial 
classes was used also for recording data on the uteri of pregnant cattle and sheep. 
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Measurements were made of the separate quantities of allantoic and amniotic 
fluid and of the body length of the foetus. In a minority of cases only was it 
possible to ascertain the service dates of the pregnant cows slaughtered, but by 
employing the figures supplied by Winters, et al. (1942), it was possible in the 
remainder to obtain an approximate age for the foetuses. In respect of the sheep 
foetuses, comparable calculations were possible from the work of Winters and 
Feuffel (1936). The age and breed of most of the cows were not known, but the 
sheep, which were inspected before slaughter, were crossbred Hampshire tegs. 


Results 
The figures for the foetal fluids of sheep and cattle are shown in Tables 1 
and 2. Feetal lengths are in centimetres and fluids in cubic centimetres. 
TABIE I 


Foetal Fluids of Ewes Pregnant 
with a Single Foetus 


Bstimated . 
Age FBL Amniotic Allantoic Total 
(Days) (cms ) Sex (ccs) (ces) (ccs) 
35 2.8 F 6 40 46 

3o4 F 10 15 25 

4.4 F 14 40 54 

8.75 F 95 40 135 

55 10.0 F 72 75 147 
10.0 M 160 80 240 

11.25 F 180 70 250 

60 12.0 F - - 225 
15.0 M 200 50 250 

15.0 F 200 65 265 

17.5 Fr. 450 5 455 

70 17.5 M 425 110 535 
19.5 F 350 65 415 

20.0 M 415 130 545 

80 2209 F 550 105 655 
23.7 F 565 100 665 

90 25.0 Fr 825 160 985 
27.0 F 660 150 810 

27.5 M 530 110 640 

27.5 M 500 90 5990 

29.0 M 825 170 995 

105 30.0 M 950 200 1150 
30.0 M. 770 1210 1980 

32.0 Fr 900 1425 2325 

140 40.0 M 600 1300 1900 
45.0 M 280 1235 1515 


In so far as the sheep data are concerned, the conclusions of the workers 
already quoted have in general been confirmed, and no further comment is needed. 

In respect of the bovine work, however, the figures lead to very different 
conclusions from those of Hammond and Wright. The sequence of events was 
found to be as follows :— 

At one month—which was the earliest stage of pregnancy studied—and 
thereafter up to 2} months, the allantoic was clearly in excess of the amniotic 
fluid. In the second half of the third month the amounts of allantoic and 
amniotic fluid were similar, but from the end of the third month the amniotic 
fluid increased more rapidly than the allantoic and remained in excess until 
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TABLE II 
oe 
Foetal Fluids of Cattle 
Estimated or FBL Amniotic Allantoic 

Actual xAge (Days) (cms ) (ces) (ccs) toma 
SOx 1.0 0.4 5” 57 24 
42% 2.5 - - 150 : 

4.0 25 150 175 
4.0 17.5 240 257.5 

4.3 32 125 157 

56% 5.0 12 100 112 

58x 6.0 65 125 190 

vet 80 260 340 

7.5 - - 400 

8.0 120 225 345 

9.5 125 250 375 

71x 9.5 100 375 75 

10.0 57 265 322 

10.0 150 235 385 

10.0 160 225 385 

10.0 150 320 470 

10.0 219 215 430 

10.6 155 165 320 

11.25 200 45 245 

80 12.8 275 240 515 

13.0 375 107 482 

13.75 360 150 510 

14.5 550 500 1050 

15.0 660 275 935 

15.0 550 500 1050 

16.0 - - 600 

90 16.0 480 375 855 

16.0 625 310 935 

16.25 550 450 1000 

17.5 735 180 915 

17.5 675 350 1025 

17.5 870 235 1105 

18.0 875 235 1110 

100 18.75 750 460 1210 

18.75 1070 315 1385 

19.0 960 440 1400 

20.0 748 401 1149 

20.0 850 330 1180 

21.0 1150 230 1380 

21.25 1450 395 1845 

21.75 980 220 1200 

22.0 1500 800 2300 

22.5 1150 300 1450 

110 24.0 1750 800 2550 

25.0 1920 690 2610 

25.0 2550 1025 3575 

25.0 2592 1288 38380 

26.0 2025 725 2750 

118% 27.0 2150 930 3080 

27.5 2250 1800 4050 

27-5 - - 5100 

31 2215 725 2940 

130% 31 4000 1150 5150 

35 2650 465 3115 

35 3168 576 3744 

35 3300 600 3900 

140 35 3325 920 4245 

35 3571 864 4435 

35 2750 3250 6000 

37 2225 2510 4735 

ex $8.75 2700 1205 3905 

NT 5 1000 = 3350 

48 870 29 7 
ia tee 70 221 6680 
50 1307 2160 3460 
64 2320 - - 

220 66 1988 8520 10508 

70 3150 4800 7959 

2308 173 ~ - 10050 

260x 87 2400 9600 12000 

27 105 7400 10850 18250 

pa go 5330 147he 20072 
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about the end of the fifth month. Then the allantoic fluid, which had in the 
fifth month accelerated its rate of increase, caught up again with the amniotic. 
From the fifth month the general tendency was for the amniotic to increase only 
slightly—with one exception of 7,400 c.c. at 257 days—until the end of 
pregnancy. The allantoic fluid, however, mainly as the result of a sudden increase 
in the seventh month, now rapidly overhauled and became markedly in excess 
of the amniotic. The result of this late increase in allantoic fluid was that, at 
term, the total quantity of foetal fluid measured about five times the total at five 
months’ gestation, respective quantities being 3,905 c.c. and 20,072 c.c. 


Discussion 

Reference to the complete table in Bergman’s publication shows a strikingly 
similar picture to that found in the present work. Although his observations were 
not made until 45 days’ gestation, there is the same initial preponderance of 
allantoic fluid, but the amniotic shows an earlier acceleration and overcomes the 
allantoic by the 73rd day. Both fluids then run fairly closely in amount until the 
93rd day, when the amniotic increases suddenly and doubles its amount within 
a few days. The amniotic then remains clearly in excess, with one slight exception, 
until the 164th day. From now until the 218th day there is little difference in 
the amounts, but by the 230th day the allantoic is double the amniotic. Bergman’s 
figures are not complete after 230 days, and in one case only was there a marked 
increase of from 12,100 gm. total at 230 days to 24,300 gm. at 256 days. 

The data of Swett, et al. (1948), however, fill the late gap in Bergman’s 
figures, but these workers weighed total fluid quantities only. Their results show 
values of 10,084 gm. at 226 days, 11,907 at 255 days and 15,536 at 276 days. 
Each of these figures was an average based on values from 10 cows slaughtered 
at each month of gestation. Becker (1950) gives comparable results for the total 
fluids, viz., 14.5 Ib. at 236 days, 17.1 lb. at 245 days and 56.35 lb. (25,614 gm.) 
at 278 days. Neither Swett, et al., nor Becker give values for the separate fluids, 
but there seems little doubt that the marked terminal increase in their total 
amounts was due mostly to the allantoic fluid. 

Swett, e¢ al., mention two sharp rises in their figures on total quantities of 
foetal fluids, viz., from 33 to 4 months and between 63 and 74 months’ gestation. 
These findings are confirmed herewith and by Bergman and Becker. In 
reflecting on these abrupt increases, it is worth observing, that the testicles pass 
fairly rapidly from the abdomen to the scrotum at 34 to 4 months’ gestation in 
the foetal calf (Arthur, 1956) and that, from about 200 days, hormonal changes 
make the pregnant cow independent of its corpus luteum for the continuation 
of gestation (McDonald, et al., 1954). 

Another fact shown herewith and by Becker is the marked increase in total 
fluid which occurs between the 40th and 65th days—an important period in 
the life of the conceptus—during which the true allantochorionic placenta becomes 
established. 

In recapitulating the findings of this study and of those quoted, it may 
be stated :— 
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(1) The total quantity of foetal fluid in cattle increases progressively through- 
out pregnancy. In contrast to the conclusions of Hammond and of Wright, the 
quantity at the end of gestation may be up to five times that present at the end 
of the fifth month. 

(2) Sharp rises in the total quantity occur between 40 and 65 days, between 
33 and 4 months and between 6} and 74 months. The first and last of these are 
due to allantoic and the second to amniotic increases. 

(3) For nearly the whole of the first third of pregnancy allantoic fluid is 
in excess. For most of the second third amniotic fluid preponderates, and for 
the greater part of the final third allantoic fluid is again clearly in excess. 

(4) The fluctuations in the foetal fluids of cattle follow similar trends to 
those of sheep, except that there is no appreciable terminal decrease in the 
bovine amniotic fluid. 


Part II—Hydrops of the Foetal Sacs 


While the foregoing work was in progress, four cases of excessive accumula- 
tion of fluid in the foetal sacs of cattle were encountered. Some of the more 
important features of these are summarised in Table III. 


TABLE UT 


Cese Case 2 Case 3 Case & 
Breed Shorthorn Aberdeen Angus Jersey Jersey 
Pregnant Left and Right Left 
Horn Right Right 
Gestation 6+ months 8+ months 63 months 82 months 
Sex of Freemartin Female Female 
calf Female and male 
Amniotic ) 
fluid ) Very little Very little 62 lbs. 
) 34 lbs 
Allentoic) 
fluid ) 400 lbs. 160 1bs.+ 260 lbs. 
Placental Unicorngal Attachi. Caruncular Unicornual Attacht. Unicornual attacht. 
lesions Accessory Placentn. necrosis Caruncular necrosis Accessory Placentn. 


Caruncular necrosis 


Case 1. The specimen was seen by chance at examination post-mortem of 
the genital tract of a Shorthorn cow. This animal, which was 198 days pregnant 
at the time of slaughter, showed no clinical abnormality. 


There was a corpus luteum in the right ovary and the foetus lay in the right 
uterine horn. Unfortunately, the fluid from the two fcetal sacs became mixed 
during dissection, but by far the greater volume came from the allantois. The 
total quantity measured 34 lb. (15,667 gm.). The foetus, a female, appeared 
to be small for its stage of gestation and measured 47.5 cm. only. Although 
the allanto-chorion extended into the non-gravid (left) horn, there were no 
caruncular attachments here. On examining the opened right horn, the out- 
standing feature was the extensive accessory placentation. Everywhere, between 
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adjacent, apparently normal caruncles, were masses of small accessory caruncles; 
there was no apparent infection nor inflammation of the uterus. 


An average total quantity of foetal fluid for this stage of gestation would be 
from four to five litres, and it may be presumed, therefore, that this was an early 
case of hydrops—more particularly of hydrallantois—associated with unicornual 
placental attachment and accessory placentation. The foetus was not cedematous 
or otherwise abnormal. 


Case 2 was an Aberdeen-Angus cow which had borne several normal calves 
and had been running with the bull. ‘The mating date was not recorded, but the 
cow was pregnant and believed to be very near term. On 5.4.54 the cow was 
breathing quickly and it was thought to have pneumonia. It was seen by 
Mr. W. B. Faull on the following day, who found it extremely depressed and 
reluctant to move. The abdomen was excessively large and there was a 
sanguineous vaginal discharge. Vaginal examination disclosed a foetal sac which 
proved to be amnion and, when it was punctured, a small quantity of normal 
amniotic fluid escaped. A dead calf in elbow-flexion posture was presented 
anteriorly in this amnion. It was delivered without difficulty and was found to 
be a freemartin. On further examination of the uterus, another large, tense sac 
was palpated. 


The cow was now in extremis and slaughter was advised. At autopsy, the 
right horn of the uterus was tremendously swollen, and on incising the allantois 
of this horn, about 40 gallons of fluid flowed away. There was a little amniotic 
fluid and a male calf of 84 to g months’ development was in the amnion. The left 
horn, which was smaller than the emptied right horn, had contained the free- 
martin calf which had been delivered ante-mortem. 


Macroscopic examination of the caruncles of the right horn revealed a 
widespread and marked necrosis. 


This was, therefore, a case of hydrallantois associated with caruncular 
necrosis and affecting one foetal sac of a twin pregnancy. 


Case 3 was a 2-year-old Jersey heifer, 63 to 7 months pregnant. During 
the last fortnight the abdomen had become progressively distended, and when 
seen on 29.4.53 there was extreme distension. The heifer was severely ill with a 
pulse rate of go, respirations 25 and temperature 102.5°. A diagnosis of 
“hydrops amnii”” was made and an immediate operation was decided on. 


After an ounce of Chloral hydrate had been given in a drench, an epidural 
injection of 80 c.c. of “ Xylotox” was made into the first intercoccygeal space. 
On casting the animal and securing it on its back, the lower abdomen was found 
to be anzsthetised from the udder to the umbilicus. An “intravenous drip” of 
10 per cent glucose in 1 per cent saline was then set up, and during the subsequent 
operation three litres of this glucose-saline were administered into the left jugular 
vein. 

The peritoneal cavity was approached via a right para-median incision and, 
after reflecting the omentum forwards, a portion of the grossly distended uterus 
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was exposed. A trocar-and-cannula was inserted into this, and three gallons of 
fluid were allowed to drain slowly away. This relieved the fluid tension sufficiently 
for the uterus to be manipulated, so that, when it was incised, a lip of the incision 
could be held outside the abdomen. In this way it was possible to control the 
escaping fluid, and during the next half hour a further 13 gallons flowed away. 
It was now possible to determine that the incision had been made in the left horn 
and that this did not give satisfactory access to the foetus, which lay in the right 
horn. Consequently, after repairing the first uterine incision, the right horn was 
lifted into the abdominal wound and incised longitudinally. On puncturing the 
allantois, more fluid, like pale urine, escaped, but there was a small quantity 
only of amniotic fluid. The female calf, which was alive but soon succumbed, 
weighed 32 lb. and was extracted easily, but the placenta could not be detached. 
Two complete cotyledons and a portion of intercotyledonary placenta were 
removed for diagnostic purposes. It was observed that although both uterine 
cornua had been involved in the hydrops—due to the allantois projecting well 
into the non-gravid left cornua—there were no caruncular attachments on the 
left side. 


The uterine and abdominal wounds were repaired by standard methods. 
Injections of 6 c.c. pituitrin and 2,000,000 units of penicillin were given when 
the operation was completed and on each of the following three days. It was 
impossible, on account of the small size of the heifer, to make a vaginal examina- 
tion, but rectal examination disclosed that the uterus remained atonic and that 
it refilled with fluid. The heifer was cast on two occasions and turned on to her 
back, when considerable quantities of uterine fluid flowed from the vulva. The 
membranes remained attached and the animal ate little. Despite further injec- 
tions of antibiotics and glucose-saline, she became weaker and died on the 
seventh day after operation. 


When examined post-mortem the uterus contained about three gallons of a 
non-fcetid sanguineous exudate. The hysterotomy wounds had healed but the 
uterine wall was thin, little involution had occurred, and the membranes were 
still attached. 


Extracts are given from the Pathologist’s report on the foetus and cotyledons 
removed at the operation :— 


“‘ The foetus had the general appearance of a calf almost seven months old. 
There was no subcutaneous oedema and, apart from about 10 c.c. fluid in the 
peritoneal cavity, the serous cavities showed no accumulations of cedema fluid. 
The alimentary tract was macroscopically normal and there was no excess of 
fluid in the stomach. The urinary bladder contained a small quantity of fluid. 
The left kidney was normal, but the right kidney was about three times the size 
of the left. It showed an advanced degree of hydronephrosis, with the remaining 
renal tissue compressed into a thin shell about 2 mm. thick, and surrounding 
large and dilated calyces and pelvis. The right ureter was dilated and patent 
throughout its length. No anatomical abnormality of the heart or its valves 
was found. 
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“ Bacteriological cultures of the abomasal contents were sterile after 10 days’ 
incubation. 

“ The allanto-chorion had a normal appearance. There was no cedema of 
the membranes and no necrosis of the intercotyledonary chorion was evident 
macroscopically. The chorion surrounding the cotyledons was congested slightly. 
The foetal cotyledons were brownish-yellow and portions of the maternal car- 
uncles were attached in places. The fcetal villi were, in the main, short, and 
some showed distinct focal yellow areas (necrosis). 

“ Histological sections of the foetal membranes confirmed the absence of 
any marked oedema, but capillaries were abundant and appeared dilated. There 
was no polymorphonuclear cell infiltration of the tissues. Some of the villi, or 
the tips of some of the villi, were necrotic and showed degeneration of the cells 
of the connective tissue and desquamation of the trophoblast; at the base of these 
villi there was a slight increase in the number of mononuclear cells, but no 
polymorphs. Fine basophilic stippling or definite granules were present in the 
necrotic tissue—these were probably calcium deposits. Elsewhere the villi were 
normal but rather short and the trophoblast was intact. 

“The portions of maternal colytedons which were sectioned showed a 
marked loss of staining reaction as well as pyknosis and karyorrhexis of the 
cell nuclei. There was no marked inflammatory cell infiltration and there 
appeared to be a paucity of blood vessels. The maternal crypts were largely 
detached from the foetal villi, and in places were separated by debris, consisting 
of necrotic cells and cells containing fine basophilic granules. The remains of 
the foetal villi in the crypts were completely necrotic.” 

Recapitulating, this was a case of hydrallantois, associated with unicornual 
placental attachment and with a non-inflammatory degeneration and necrosis 
of the cotyledonary placenta. 


Case 4 was a 3-year-old Jersey cow due with its second calf in a fortnight. 
During the last month its abdomen had become markedly swollen (Fig. 1). Despite 
this the cow was bright and active and ate well. Clinical examination verified the 
suspicion of “hydrops,” but in view of her normal behaviour and proximity to 
parturition, it was decided to allow gestation to continue and to advise the owner 
to notify the attending veterinary surgeon as soon as calving began so that help 
could be given in good time. Ten days later, however, the cow was found dead, 
although it had suffered no exacerbation and had not yet become parturient. 

An examination post-mortem was made and it was apparent that the uterus 
was of enormous size (Fig. 2). The animal was pregnant in the left horn with a 
corpus luteum in the left ovary, but both horns were distended equally with fluid, 
due to the allanto-chorion having extended to the limits of the uterine space. There 
were no cotyledonary attachments in the non-pregnant (right) horn. In the left 
horn, although the caruncles were normal in size and number, there were 
numerous accessory cotyledons, particularly near the cervix. Much of the excess 
fluid was in the allantois and amounted to 260 Ib.; that in the amnion weighed 
62 lb. The specific gravity of both fluids was 1010. The foetus was a female 
and weighed 52 lb. 


PLATE I 


Fig. I 


Case No. 4 Jersey cow affected by hydrops a fortnight 


before term. 


(Article by G. H. Arthur, page 17) 


PLATE II 


Fig. IT 
Case No. 4 at post mortem, 10 days afterwards. 


(Article by G, H, Arthur, page 17) 
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Extracts are given from the pathologist’s report on the uterus, foetus and 
foetal membranes, removed at autopsy :— 


“The uterus was very thin-walled and showed marked accessory placenta- 
tion. A number of small, circular, orange foci about 2 mm. in diameter were 
found in the endometrium, irregularly distributed between the maternal caruncles. 


“The near full-term female foetus showed no anasarca or excess fluid in 
the serous cavities. The heart was normal. The stomachs were distended with a 
very mucoid fluid and the bladder was moderately distended with clear fluid; 
the ureters also appeared slightly dilated. The kidneys, however, were normal, 
as were the umbilical vessels. Bacteriological examinations of the abomasal 
contents gave negative results. 


“The foetal membranes were grossly oedematous, but the foetal cotyledons 
showed no macroscopic evidence of inflammation. Histological sections confirmed 
the presence of extensive cedema of the connective tissue of the foetal membranes. 
These tissues appeared to contain a slight excess of small mononuclear cells, 
resembling lymphocytes and plasma cells. There was no polymorph infiltration 
and no necrosis of the villi; the latter were distended with cedema fluid. 


“The muscle coat of the uterus was very thin. The connective tissue of the 
endometrium was infiltrated with small mononuclears, most of which appeared 
to be plasma cells; they had an irregular distribution but were concentrated 
particularly immediately beneath the surface epithelium. The yellow focal 
lesions seen macroscopically were areas of degeneration and necrosis; there was 
no polymorph reaction around these foci and no cell infiltration into the necrotic 
tissue. The accessory placentation areas had a normal cotyledonary structure. 
They were devoid of degenerative changes, necrosis and polymorph infiltration, 
but contained foci of small mononuclears, mainly of the plasma cell type. The 
maternal caruncles also showed an absence of any definite inflammatory reaction, 
but they contained one or two small foci of degenerative change and necrosis, 
and also a few foci of plasma cell infiltration.” 


Summarising case number 4, it may be said that it was a case of hydrallantois 
cum hydramnios, in the presence of unicornual placental attachment, accessory 
placentation and cedema of the membranes associated with a non-inflammatory 
focal degeneration and necrosis of both the caruncular and inter-caruncular 
endometrium. 


The features common to these four cases of hydrops of the foetal sacs were : 

(1) Gestation was at or beyond 64 months. 

(2) A female foetus was present (in one case of twins an altered female or 
freemartin, with a male). 

(3) The main excess of fluid was in the allantois and in one case only the 
amnion was distended abnormally as well as the allantois. 


(4) There was a placental deficiency evidenced by unicornual attachment 
with accessory placentation and/or caruncular necrosis. 
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Discussion 
Source of Fetal Fluids. 

“The source and method of formation of amniotic fluid is controversial ” 
(Windle, 1940). “The zxtiology of dropsy of the amnion and the allantois is 
an unresolved riddle” (Wiiliams, 1943). It is obvious that unless the formation 
of the normal foetal fluids is understood, any theories on the causation of 
hydrops of the foetal sacs will be speculative, and the two views just quoted 
summarise the present situation. 

Theories have been put forward and discussed by Needham (1931), and 
controversy has cenired largely around the relative rdles of the foetus and the 
mother in contributing to the normal fcetal fluids. Attention has also been directed 
as to whether lesions found in the foetus of the mother have had a bearing 
on the development of hydrops. 


Two facts should be emphasised: (1) The foetus is entirely dependent on 
the (maternal) placenta for its fluid supply. (2) The rate or passage of fluid 
across the placenta must depend primarily on the permeability of the maternal 
placenta. 

Known factors which can influence the permeability of the endometrium 
in health and disease are steroid hormones and inflammatory processes. It may 
therefore be postulated that :— 

(a) The normal fluctuations which occur in the quantities of foetal fluids, 
particularly the abrupt increases noted at 3} to 4 months’ and 63 to 74 months’ 
gestation in the cow, are due to changes in hormone levels which occur normally 
at these times. 

(b) The same phenomena occur in cases of hydrops, but, owing to 
caruncular damage, the normal increases become exaggerated and _ largely 
uncontrolled. 


In conformity with these suggestions it is significant that the dropsy of the 
Dexter cow pregnant with a “ bulldog” calf, which is a true hydramnios, is 
first manifest during the third or fourth month (Crew, 1924) and that cases of 
“ordinary ” hydrops (hydrallantois) may become apparent first at six to seven 
months of gestation—both being times when large increases in amiotic and 
allantoic fluid respectively occur normally. 


The opinion derived from this study that lesions of the maternal side of the 
placenta are chiefly responsible for hydrops is not a new one. It has already 
been propounded, with case protocols to support it, by Williams and his 
co-workers (1931). They also observed necrotic destruction of the uterine 
caruncles with unicornual placental attachment. They attributed these lesions 
to previous uterine disease, for example, puerperal metritis associated with a 
previous parturition or abortion. Support is given to the same view in the case 
of hydrops which was associated with tuberculous metritis and reported by Beale 
(1940). 

It is unlikely that changes in the foetal placenta are important in the causation 
of hydrops because, although inflammation of the allanto-chorion is commonly 
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present in bovine Brucellosis and often may be associated with cedema of the 
membranes and foetus. Hydrops of the feetal sacs is not a feature of Br. abortus 
infections. 


While it is natural to think of infection as the most probable cause of the 
lesions of the endometrium in hydrops cases, no organisms were identified in the 
two cases recorded here in which laboratory examinations were made. Infection 
could, of course, have been present at an earlier time but it is strange that a 
heifer carrying its first calf should have suffered a previous infective disease with 
resultant extensive caruncular necrosis. ‘The opinion is therefore expressed that 
factors other than infection may contribute to caruncular necrosis and hydrops, 
and it is suggested that incompatibility between the tissues of the foetus and 
mother may be an important cause. It is not inconceivable that the trophoblast 
may occasionally exert an unusually severe deleterious effect on the endometrium. 
Such a concept might, in addition, explain the cases of hydrops which commonly 
result from extreme outcrossing between the bison and domestic cow and which 
are frequently seen associated with the Dexter “ bulldog ” calf. On the contrary, 
the latter may be due entirely to endocrine dysfunction as first postulated by 
Crew (loc. cit.). 


It is likely that the lesions of the foetus which have been observed both here 
and elsewhere in some cases of hydrops are largely secondary. It might be 
expected, when there is a large accumulation of fluid in the allantois, that back 
pressure through the urachus, bladder and ureters would cause dilatation of the 
renal pelves. 


One agrees with Neal (1956) who suggests that the condition of hydrops 
of the foetal sacs, commonly. called “ hydrops amnii,” should, more correctly, 
be termed “ hydrallantois” since it is the allantois which is chiefly involved, 
although occasionally the amnion is also hydropic, but to a smaller extent. It 
is of interest that in most cases such a large accumulation in the allantois can 
exist and yet the amion may be little affected. It indicates that the thin allanto- 
amniotic membrane which divides the two fluids is relatively impermeable. 
Furthermore, with a large fluid pressure along the urachus to the urinary bladder, 
it might be expected that escape of fluid would occur via the urethra into the 
amnion. ‘The extent to which the foetus swallows the amniotic fluid and excretes 
it via the kidneys must have an important bearing on the relative quantities of 
amniotic and allantoic fluids both in health and disease. 


Summary 


(1) Published work on the quantities of foetal fluids normally present in 
ruminants is reviewed. 


(2) Figures are presented for the separate quantities of amniotic and allantoic 
fluid at successive stages of pregnancy for 26 sheep and 71 cattle. 


(3) The results are discussed and compared with the findings of previous 
workers. 
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(4) Detailed histories of four cases of hydrops of the foetal sacs in cattle are 
presented. 


(5) The source of the fluids both in normality and in hydrops is discussed 
and, based on the findings of this study, some new concepts are formulated. 
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OBSERVATIONS ON THE HAMATOLOGY OF CALVES 
AND VARIOUS BREEDS OF ADULT DAIRY CATTLE* 


Part 1—General Recordings 


HAEMATOLOGY OF CALVES 


By JOHN C. GREATOREX 
Department of Medicine, Royal Veterinary College, Streatley-on-Thames 


Introduction 

The literature on the haematology of cattle contains much valuable informa- 
tion, but a comprehensive survey of the blood picture of calves and dairy cattle 
has not been made in Great Britain. The object of the present investigation is 
to make good this deficiency, and to suggest standards for the blood components 
for calves and different breeds of adult dairy cattle kept under average farming 
conditions in this country. Other workers have suggested standards but their 
results have been based on the examination of a small number of animals, 
and have not, in most cases, given due consideration to factors which may 
influence the blood picture. Comparisons with the work of hzmatologists in 
other parts of the world have been made, but the conditions of general husbandry 
and the nutrition of animals abroad show differences from those which prevail 
in this country, and may be responsible for the discrepancies which have been 
found. 

Some of the work on the hematology of calves has been published 
(Greatorex, 1954). In respect of adult cattle, consideration has been given to 
the effect of age, environment, seasonal changes, breed, pregnancy and lactation 
on the blood picture of the dairy cow. 

The cellular morphology of the blood of cattle has been adequately dealt 
with by Fraser (1930) and Blount (1939) but as opinions differ as to the presence 
or absence of certain cellular constituents of the blood in calves and adult cattle, 
a detailed study of these controversial aspects has been made. 


Materials and Methods 

Materials. All the animals used were females in attested herds and kept 
on farms of the same altitude where the general husbandry and nutrition were 
as near as possible identical. Each animal was examined clinically before 
sampling to ensure a normal state of health. 

Calves. Two hundred and thirty-three calves of various breeds were used, 
and comprised: Ayrshires 98, Jerseys 47, Shorthorns 41, Guernseys 39 and 
Friesians 8. Samples of blood were taken as soon after birth as possible and 
observations were made at weekly intervals for a period of twelve months; the 
number of calves bled at these intervals varied from four to six. 

Adults. Animals representing each of the five main dairy breeds of this 
country, namely Shorthorns, Guernseys, Friesians, Ayrshires and Jerseys, were 
selected from two herds. One herd of each breed (Section A) was investigated 


* An abridged version of the thesis submitted in May, 1955, for the Ph.D. degree of the 
University of Reading. 
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during the year 1952-53, the other herds (Section B) being studied during 1953-54- 
Six animals in each herd of the five breeds were chosen, but, of the 60 animals 
selected, 11 were removed from the herds for various reasons during the investiga- 
tion, and thus the protocols contain the recordings of 49 animals. While the 
animals were selected at random, steps were taken to ensure that several animals 
of various age groups and in different stages of pregnancy and lactation were 
included in the survey in order to study the effects of these possible influences. 
Observations on environmental changes necessitated the animals being housed 
during part of the investigation, while for climatic and seasonal changes to be 
examined, the herds of Sections A and B were studied in different years. 

Methods. The animals were bled at monthly intervals, the samples being 
taken immediately after milking and from the jugular vein. Great care was 
exercised when procuring the samples to avoid undue excitement on the part of 
the animal which might bring into play the so-called “alarm factor” and give 
rise to abnormal readings. 

Two samples of blood were taken at each bleeding. One, not mixed with 
an anticoagulant, was used for ascertaining the coagulation time and for preparing 
blood films for differential counting; the other sample, containing 0.5 ml. of a 
mixture of potassium and ammonium oxalate 4:6, for the other procedures. 

Techniques. The techniques adopted were the same as those already 
described (Greatorex, 1954). 

Statistics. In the case of calves, an analysis of variance was mainly concerned 
with the differences between the various age groups; while for adults, considera- 
tion was given to the variations due to the different years and different months 
of the investigation, and between herds, breeds and cows within herds. 

The probability, p, has been calculated from Fisher’s tables, in which the 
difference is said to be non-significant if p is greater than 0.05; if between 0.01 
and 0.05 it is of low significance, whereas if p is between 0.001 and 0.01 the 
difference is significant, and if 0.001 or less then it is highly significant. 

The standard deviations used throughout are those of the mean. 


. : oat Variations 
Physiological Variations. 


Variations in the measurements of blood components are encountered when 
samples are examined diurnally, or when taken on successive days, such changes 
applying particularly to the cellular counts. Fiennes (1952), studying Zebu 
(European cross cattle), found that the erythrocyte count may vary by two 
million cmm. in a single hour. He attributed these changes to variations in the 
fluid control of the blood, a fall in the number of erythrocytes being accompanied 
by a reduction in the specific gravity and vice versa, the hemoglobin content 
remaining constant. 

Daily variations may also be due to the factors studied in this investigation, 
and to technical errors. 

An important consideration when dealing with bovine blood is the variation 
in the recordings which occurs in lactating cows, according to whether they are 
bled before or after milking. Canham (1930) found that when cows are bled 
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immediately after milking and again before the next milking—the intervals 
between the milkings being nine hours—a reduction occurs in the erythrocyte 
count, while the total leucocytes increase in the samples taken before milking; 
eosinophils in many cases also showed increases. The samples in this survey were 
taken after milking. 

Some workers have reported differences between the sexes for the blood 
components. Fraser (1930) recorded higher values for the erythrocyte count and 
the hzmoglobin content of stall-fed bulls as compared with stall-fed cows, and 
Wirth (1950) also states that the values for these two components are higher in 
the male. Schultz (1905) found higher total leucocyte counts in females than in 
males of the same age and this has been confirmed by Moberg (1953). 

While Kerr, Robertson and McGirr (1951) did not observe any marked 
change in the leucocyte picture of cows during the cestrus cycle, Moberg (1953) 
and Arthur (1955) have shown that such changes do occur in the form of a 
“cross over” in the neutrophil-lymphocyte ratio, that is, the percentage of 
neutrophils increases while the value for lymphocytes is reduced; a decrease may 
also occur in the number of eosinophils present. 

The changes which occur during parturition and the post-parturient period 
have been investigated in connection with the variations in the percentages of the 
differential white cell count. Kerr, et al. (1949 and 1951), Jordan (1952), 
Puntigam and Berger (1953) and Moberg (1953) have shown that the changes 
which occur at this time correspond to those after injections of adrenal cortical 
extract and adrenocorticotrophic hormone (A.C.T.H.). The detailed effects of 
such influences were not studied, but the general trend of the various components 
of the blood during the months of pregnancy and in the immediate pre- and post- 
parturient period were considered. 

Stress Reaction. It has been shown that cattle, in common with other 
animals, react in a characteristic way when subjected to stress—the so-called 
“ stress reaction” described by Selye (1946)—such a reaction induces variations 
in the blood picture, and in consequence those animals which were difficult to 
bleed or showed excitement and fright were not included in the general survey. 
The data from these animals, however, suggest that the adaptation syndrome as 
described by Selye occurs in cattle. 

Similar changes appear to occur in the calf at the time of its birth, and may 
be explained as being partly due to the reaction of the pituitary-adrenal cortical 
system of the calf owing to stress, and to pituitary-adrenal cortical activity of the 
mother just before parturition, and this might influence the calf through the 
placental circulation, Winqvist (1954). Considerable difficulty was experienced 
in obtaining blood from many of the calves at birth, and this was undoubtedly 
due to stress. 

Recordings 

The examination of 233 calves and 588 samples from 49 cows of different 
breeds over a period of two years should indicate the ranges, mean values and 
distribution to be expected in normal cattle. The ranges of the constituents of 
the blood are better criteria than mean values when differentiating the blood 
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picture of a normal animal from an abnormal one and is important in clinical 
hematology. Mean values are of value when standard deviations are given. 
Holman (1942) suggests that “19 out of every 20 beasts should fall within a 
range of twice the standard deviation on either side of the mean, animals outside 
this range being classed as abnormal and possibly pathological, whereas animals 
as much as three standard deviations from the mean are taken as definitely 
pathological.” This study, however, has shown that consideration must also be 
given to the influencing factors already mentioned, and emphasises the advisability 
of frequent sampling before concluding a sample of blood to be abnormal. 

Coagulation Time. During the first year of life of the calf, the coagulation 
times were distributed mainly between 3.0 to 7.5 minutes (mean value 
6.0 + 1.8 minutes). Coagulation was much slower between the 20th and 35th 
weeks, a period during which the blood constituents frequently showed changes, 
to which reference is made later. A wider range was recorded for adult cattle, 
2.5 to 13.0 minutes (mean value 7.0 + 2.3 minutes). Significant differences 
(p == <o0.001) were found between the months and years of sampling. These 
variations are attributed to the alterations in the rate of coagulation which 
occurred according to climatic conditions. Calves have a faster rate of coagulation 
when compared with adults, and this is especially noticeable in the early days 
of life, possibly due to the stress associated with birth. No significant relationship 
could be found between the time of coagulation and the number of blood platelets 
present. 

The Erythrocyte Sedimentation Rate. Little variation was found between 
the sedimentation rate of calves and adults; recordings ranged between 1.0 mm. 
and 8.0 mm. (mean 3.0 + 1.0 mm.). From an analysis of variance, significant 
differences (p = <o.001) were found to exist between the cows examined and 
the individual years of the investigations, but variations could not be detected 
between the months of sampling. Breed differences were found in that Jersey 
cattle had higher rates of sedimentation; the recordings for the herds within the 
breeds showed no variation. No correlations were found between the sedimenta- 
tion rate and the other components of the blood picture, although increased 
amounts of sedimentation were associated with a low hemoglobin content, and 
vice versa. A similar analogy was found for the hematocrit values. 

The Erythrocyte Picture. To interpret correctly the erythrocyte picture it is 
essential to study three main measurements, namely, the erythrocyte count, 
packed cell volume and hemoglobin content, these values having a close 
correlation to one another. 

The Erythrocyte Count. The erythrocyte count of calves showed marked 
variations which could be attributed to the effects of increasing age, high values 
being recorded at birth. The main distribution was between 5.0 and 10.0 millions 
per cmm., the mean value of 7.2 + 1.9 being higher than for adult cattle. For 
adults, irrespective of breed, the extremes recorded were 4.1 to 7.0 millions 
per cmm. (mean value 5.7 + 1.3). The persistently low figures recorded for 
Ayrshires, Friesians and Jerseys suggest the advisability of frequent sampling 
when drawing conclusions as well as giving breed variations due consideration. 
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The Packed Cell Volume. Because of the technical simplicity of its estima- 
tion, hematocrit values are of greater accuracy than erythrocyte counts and thus 
afford more reliable information. The measurements for calves varied between 
18.0 and 61.0 mm., with the majority of the values between 30.0 and 50.0 mm. 
(mean value 38.6 mm. + 6.6). For adult cattle a range of 21.0 to 53.0 mm. was 
obtained, with a mean value of 37.4 + 4.0. Hematocrit values depend on the 
type of anticoagulant used, and correction figures are frequently quoted for a 
particular anticoagulant. In this survey, Wintrobe’s mixture of potassium and 
ammonium oxalate 4:6, which has been found to cause a minimum of shrinkage, 
was used; a correction figure was not therefore applied to the recorded values. 
From an analysis of variance it was found, as with the erythrocyte counts, that 
significant differences occur not only between the various breeds but also between 
the cows within the herds, these statistical differences being more evident with 
the packed cell volume. 

The Hemoglobin Content. The estimation of the hemoglobin content of 
the blood constitutes the most important integral part of the erythrocyte picture, 
and this information, with that of the packed cell volume, enables the mean 
corpuscular hemoglobin concentration (M.C.H.C.) to be calculated; this value, 
together with the mean corpuscular volume (M.C.V.), is necessary for classification 
of the anzmias. 

The extreme limits of the hemoglobin content of calves ranged between 
4.6 and 16.0 g. per 100 ml. of blood, the main distribution being between 9.0 and 
14.5 g. (mean value (11.3 + 2.0). 

A comparison of the curves produced for the erythrocyte count, packed cell 
volume and hemoglobin content showed that in each case a gradual fall occurs 
as the age of the animal increases up to one year. The decline in the hemoglobin 
content is not so pronounced as that of the packed cell volume. A slightly higher 
mean value, 12.0 + 1.5 g. per 100 ml. blood was obtained for adult cattle, which 
approximates the value of 11.5 + 1.7 given by Allcroft (1941) for some 300 
clinically normal cows of various breeds in England and Wales. Significant 
differences (p = <o.o01 were found to exist between the various breeds, as in 
the case of the packed cell volume (p = <o.001) and the erythrocyte count 
(p = 0.01). Such differences occurred mainly for Jersey cattle which had the 
low mean hemoglobin value of 10.9 + 1.1; similar low values also being recorded 
for the packed cell volume and red cell counts. 

Distribution curves for hemoglobin values of the different breeds show a 
tendency to skew to the right, this being especially noticeable with Jersey cattle, 
while with the Shorthorn breed the skew is to the left. Breed is, therefore, an 
important factor when determining hemoglobin values. As with the other 
components of the blood, the hemoglobin content was found to vary from cow 
to cow within the herds, while climatic conditions were also an influencing 
factor, and accounted for the variations which occurred between the months and 
the two years the investigations were made. A correlation was found between the 
hzmoglobin values and the specific gravity of blood. 


(To be continued in February issue) 
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TRICHINELLA SPIRALIS IN THE WILD RED FOX IN 
ENGLAND 


By J. N. OLDHAM and W. P. BERESFORD-JONES 
Division of Parasitology, Pathology Department, Royal Veterinary College, London. 


Durinc the examination of one of several carcases of wild red foxes for the 
occurrence of helminths, press preparations of portions of the diaphragm showed 
the presence of encapsuled Trichinella spiralis larve. Although this carcase had 
been subjected to deep freeze for several days and, when thawed out, was in a 
fairly advanced stage of putrefaction, it was decided to test the viability of the 
nematode larve. Accordingly, small portions of the infected diaphragm were 
fed to two guinea pigs, one of which was killed at eleven and the other at fourteen 
weeks after feeding. The first guinea-pig showed encapsuled larve in its 
diaphragm and was not examined in more detail. The second guinea-pig also 
showed encapsuled larve in the diaphragm and in the scapular, intercostal and 
femoral muscles but not in the cardiac muscles. These results indicate that 
neither the deep-freeze treatment nor the putrefactive process had much effect 
on reducing the viability of the infective nematode larve. We have not 
encountered any reference in the literature to the occurrence of this parasite in 
the wild red fox in England. 


Interest in the epidemiology of Trichinella spiralis infection in Great Britain 
was stimulated by the outbreaks of human clinical trichinosis which occurred 
at Wolverhampton, Penrith and Harpenden during the winter of 1940-41, and 
Taylor (1944) published a note dealing with a search for endemic areas of 
trichinosis in this country. He considered as inadequate the explanation that 
outbreaks of trichinosis in Great Britain had, in the past, been traceable to the 
importation of infected pork which sometimes found its way through meat 
inspection, and thought it more likely that reservoirs of infection existed amongst 
animals in our own country. He also mentioned that the general incidence of 
infection in rats throughout Great Britain appears to be very low notwithstanding 
the fact that infection in rats had been demonstrated at centres where trichinosis 
had been diagnosed in humans. Taylor examined thoroughly some 636 stoats, 
78 weasels and two polecats secured from 39 counties in England and Wales 
without, however, being able to find any Trichinella infection. He points out 
that “the negative findings in 716 small Carnivora from so many widely distri- 
buted parts is a useful indication of the sparse distribution of Trichinella spiralis 
throughout England, and suggests that reservoirs of infection are confined to a 
few relatively small areas.” 


The fox carcase that yielded the infective material came from near Truro, 
in Cornwall, whereas none of the small carnivores examined by Taylor came 
from this county. In making this statement we do not, however, wish it to be 
inferred that a reservoir of infection exists in Cornwall merely as the result of 
finding trichinosis in a single red fox. 
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We are indebted to Mr. H. V. Thompson, B.Sc., of the Ministry of Agri- 
culture, Fisheries and Food whose helpful co-operation has made possible the 
examination of several fox carcases. 
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SOME OBSERVATIONS ON BOVINE PASTEURELLOSIS 
IN KENYA 


By J. F. SHIRLAW 


Veterinary Research Laboratory, Kabete 


PART I 


ALTHOUGH bovine pasteurellosis ranks second in epizootic cattle diseases in 
tropical and sub-tropical countries, Kenya Colony has, within living knowledge, 
escaped the frequent and often devastating epizootics encountered elsewhere. 
The relative freedom of Kenya is unique since certain territories within the 
African continent are known to be seriously and annually invaded by the disease. 
Eritrea, Somaliland, Ethiopia and Egypt experience varying and often severe 
losses from bovine pasteurellosis. 


The Veterinary Department of Kenya record the first appearance of the 
disease within the Colony during the year 1932, when isolated outbreaks were 
confirmed at Limuru, Machakos and Lumbwa. These infected centres are part 
of that area known as the White Highlands which supports a high concentration 
of high-grade and pedigree cattle of imported breeds. The sudden appearance 
of the disease within the area occasioned alarm. In the outbreak involving one 
herd at Machakos, 27 cattle of all ages, the majority under two years, died within 
ten days; in one herd at Lumbwa, 50 cattle died during a smouldering outbreak 
that extended throughout the year; no details are available of the single outbreak 
at Limuru which is said to have resulted in considerable mortality over a period 
of three weeks. Vaccination is said to have satisfactorily brought all three out- 
breaks under effective control, but no details of the vaccine used are available. 
A few cases of the disease, apparently sporadic and self limiting, were seen, 
mainly in calves, during the following year. After an interval of two years, the 
disease is listed in the Annual Report of the Veterinary Department, Kenya, 
under the head “ Miscellaneous diseases,” and is stated not to be widespread 
nor the cause of much trouble. However, the next year saw eight outbreaks of 
wide distribution. Eleven years elapsed before mention of the disease is made 
again; sheep were involved, and a broth culture vaccine is said to have curtailed 
losses. The disease situation worsened and apparently consolidated widely in 
Kenya during the year 1948. The record is confined tersely to the statement, 
“ hemorrhagic septicemia of cattle occurred in many areas of the country,” and 
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some doubt was expressed on the efficacy of broth culture vaccine in controlling 
outbreaks. 

The present investigation into the incidence and control of bovine pasteur- 
ellosis in Kenya began in the autumn of 1949. It was then apparent that the 
disease was firmly rooted in Kenya and the incidence increasing rapidly. The 
reported distribution was mainly within the settled areas of the White Highlands 
with its pedigree or high-grade herds of great value. Equally vulnerable and 
affected were ranched cattle, such holdings running to many thousand head of 
stock dispersed over many square miles of thorn scrub country, usually unfenced. 
In that year the disease situation was explosive and menacing. Deaths on affected 
farms were mainly sporadic, with irregularly spaced and minor waves of the 
disease accounting for a herd morbidity of 5 to 20 per cent. On a few stockfarms 
the disease smouldered for as long as three months, with a higher attack rate. 
Cattle of all ages were affected equally and outbreaks occurred throughout the 
year, uninfluenced by climatic variations. 


Though bovine pasteurellosis was undoubtedly widespread in Kenya, the 
preliminary steps of the investigation indicated that the true incidence on affected 
farms was obscured by the presence of other diseases of a similar clinical and 
pathological picture, viz., heartwater, East Coast fever, and a disease of unknown 
origin called Ondiri disease, peculiar to Kenya and bearing some resemblance to 
bracken poisoning. There was a general tendency in the field to suspect and 
even tentatively diagnose as bovine pasteurellosis all acute, febrile and rapidly fatal 
illness of cattle in which some or all of the following post-mortem lesions 
presented, viz., subcutaneous oedema wherever situated, pneumonia or pulmonary 
congestion or oedema, pleural effusion, petechiz scattered over the pleural surfaces 
and on the capsular surfaces of the parenchymatous organs, within the swollen 
cedematous lymph glands and upon the mucous coats of the trachea and 
alimentary tract. 

Usually the ultimate and critical diagnosis of bovine pasteurellosis by the 
veterinary officer in the field was based on the finding of bipolar organisms 
resembling Past. boviseptica on examination of blood films taken from the 
suspected case as soon after death as possible, often a matter of some hours owing 
to difficult communications. This direct field diagnosis is open to much criticism 
and could not be accepted in the present investigation. We agree that, under 
tropical conditions, the examination of such blood films may show apparent 
bipolar organisms resembling Pasteurella sp. but that blood cultures often do not 
substantiate the positive diagnosis made on direct film examination. A small 
percentage of cultures yield colonies of Past. boviseptica, often mingled with 
colonies of organisms of the coli-aerogenes group, and more often the latter 
alone grow on plate cultures. A further criticism of the method of direct diagnosis 
by blood film examination is that (as will be shown later) blood films of cattle 
that have succumbed to the inoculation of broth cultures of Past. boviseptica 
quite frequently show scanty organisms or morphological variations of the 
organism which make it impossible of recognition on purely morphological 
examination. A second means of diagnosis lay in the bacteriological examination 
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at the laboratory of blood samples sent from suspected field cases. It is a difficult 
matter to obtain sterile blood samples under field conditions in Kenya, and 
such were often contaminated at the outset. The laboratory routine was to 
inoculate subcutaneously a few white mice with 0.1 ml. of each sample, then to 
examine blood films for pasteurella-type organisms on the death of mice 
occurring within 24 hours. The method is open to serious objection. The 
inoculation of mice with blood not quite fresh will invariably provoke a virulent, 
septicemia, bipolar organisms morphologically resembling pasteurella sp. are 
seen invariably in blood films immediately after death, but culture-plate checks 
show an infrequent isolation of pasteurella sp. and a high isolation of organisms 
of the coli-aerogenes group of organisms. If the latter are isolated in broth 
culture, and a fractional dose of this inoculated subcutaneously into several mice, 
the syndrome in mice evoked by the inoculation of the original blood sample will 
be repeated faithfully. 


Other and more acceptable methods of diagnosis were called for if the true 
incidence of bovine pasteurellosis in enzootic areas was to be established. Quite 
early it was found that Past. boviseptica remains fully viable and in purity in the 
white marrow of the shaft of the long bones even when the victim of bovine 
pasteurellosis has undergone advanced putrefaction. Therefore, the shin bone 
of all suspected cases of the disease was sent to the laboratory and direct cultures 
on blood agar plates made from the white marrow. At the same time, two rabbits 
were inoculated subcutaneously with a fractional dose of a saline suspension of 
the same tissue. In positive cases, pure cultures of Past. boviseptica were obtained 
easily, and these tallied with deaths in rabbits from which pure cultures of the 
same organism could be obtained. The authenticity of strains of Past. boviseptica 
was established on the accepted bacteriological criteria of the identity of the 
organism. With this means of accurate diagnosis at our command we soon 
decided that the proportion of positive cases of bovine pasteurellosis in all 
suspected field cases was relatively few, and we were tempted to believe what we 
originally suspected; that on many farms where the existence of the disease could 
be proved other diseases clinically simulating it, to wit, tick-borne diseases, exacted 
a considerable and concurrent toll. 


The main objectives of the investigation now recorded resolved into a need 
for accurate and rapid bacteriological diagnosis of suspected cases of bovine 
pasteurellosis in the field, the study of strains of Past. boviseptica isolated from 
such cases, and the formulation of an efficient vaccine which would give a 
reasonable and durable measure of protection and, at the same time, be easily 
and economically produced by means available at Kabete. 


Bacteriology 

With the bone-marrow technique just described, 20 bovine pasteurella 
strains were isolated from 86 suspected field cases. The early work on isolation 
of strains was done with white mice. Three mice were each inoculated intra- 
peritoneally with o.1 ml. of a saline suspension of bovine marrow adjusted at 
No. 1 opacity tube (Brown), and the same amount sown on blood agar plates. 


38 THE BRITISH VETERINARY JOURNAL 


Apparent pasteurella colonies were fished after 24 hours’ incubation at 37.5° C., 
and subcultured in 2 per cent serum broth. Mice always died within 24 hours 
when plates gave positive cultures of pasteurella. Often, when plates were negative, 
deaths in mice occurred between 48 and 72 hours. Sal. typhimurium accounted 
for the majority of such delayed deaths, others being due to an organism of the 
coli-aerogenes group which seemed enzootic within the mouse population used. 
In the latter cases, bipolar forms were not uncommonly seen in suitably stained 
blood films taken at death, and could not be distinguished easily from pasteurella 
species on morphological grounds. Further, when such mouse blood was plated 
on blood agar initial colonies of this organism resembled the rather atypical and 
somewhat opaque colonies seen as variants on blood agar plates sown with known 
pure cultures of Past. boviseptica, and this organism retained its small, bipolar 
character, becoming more bacillary in morphology only on repeated subculture. 
This hazard could be controlled to some extent by the subcutaneous inoculation 
of mice used in diagnosis but was eliminated by the use of rabbits which proved 
not subject to the appearance of odd organisms tending to complicate bacterio- 
logical diagnosis. Seventeen of the 20 apparent strains of Past. boviseptica 
isolated from bone marrow, five strains of Kenya origin isolated in previous 
years and used in the production of hemorrhagic septicemia at Kabete, viz., 
Stanley, Percival, Soy. I, “H.S.” and “vaccine” strains were compared 
with two authentic Past. boviseptica strains of Indian origin obtained through 
the courtesy of the National Collection of Type Cultures, viz., strains N.C.T.C. 
3195 and N.C.T.C. 4308. All the Kenya strains were proved morphologically 
and culturally identical with N.C.T.C. strains. The following biochemical 
reactions were common to all strains examined, viz., no hemolysis on blood 
agar plated or in broth containing rabbit or bovine blood, no growth on 
MacConkey or on potato medium, indol positive, M.R. and V.P. negative, 
nitrates reduced to nitrites, catalase positive, H2S variable. Sugar reactions were 
inclined to be erratic but, generally, acid without gas was produced in glucose, 
mannite, sucrose, sorbite and xylose. Strains N.C.T.C. 3195 and 4308, Soy. I 
and Stanley alone fermented maltose. All strains were capsulated in varying 
degree, some feebly and none luxuriantly, when subcultured in 2 per cent bovine 
or rabbit serum broth at 4-day intervals. Semi-soft 10 per cent serum agar 
pH 7.6 yielded maximum capsule formation of cultures incubated for 10 to 15 
hours at 37.5° C. Variation of pH of the medium and the temperatures and 
periods of incubation did not materially influence capsule formation. Zero point 
one per cent bovine or rabbit blood added to broth pH 7.6 proved a satisfactory 
medium for maximum development of capsules; a higher concentration of blood 
seemed to have an inhibitory effect upon this development. Whereas maximum 
capsule formation was seen within a few hours after seeding on semi-soft serum 
agar, this was not apparent in blood broth cultures until seven days’ incubation 
at 37.5° C. Priestley (1936) states that pasteurella strains lose virulence and 
capsulation if incubation of such on blood media be extended beyond three days; 
the strains that we studied, viz., N.C.T.C. 3195 and 4308, Percival, Stanley, 
Soy I and g recently isolated field strains selected at random were fully capsulated 
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and virulent in blood broth incubated for seven days at 37.5° C. Capsules 
could not be demonstrated in culture by any of the known positive capsule stains, 
but only by “ relief” stains, either serum-eosin or India ink. 


The thermal death point of Past. boviseptica strains 

This was of importance in the elaboration of heat-killed vaccines using the 
strains enumerated above. The immunising value of such vaccines is probably 
in direct ratio with the degree and duration of heat treatment of saline suspensions 
or broth cultures of strains of pasteurella selected for high virulence and rich 
capsular substance; the less exposure to thermal death points of the strains 
selected compatible with total death of organisms, the better the vaccine obtain- 
able. The technique used to determine the thermal death point of the strains 
mentioned was as follows: six capillary tubes of 24-hour broth culture of each 
strain were immersed in a water bath held at 56° C. Tubes of each strain were 
removed at 30-second intervals, plunged instantly in iced water, and the contents 
sown on serum agar plates. All strains excepting Stanley and Vaccine were 
killed on exposure of two minutes. The thermal death point of Stanley and 
Vaccine was determined as two minutes’ exposure to 62° C. 


Examination of the viability of field and type strains of Past. boviseptica 

Most workers on bovine pasteurellosis agree that Past. boviseptica has feeble 
powers of survival outside the animal body and that the organism quickly dies 
in standing water contaminated by the discharges of cattle affected with the 
disease in its acute form. There is difference of opinion whether or not cattle 
can acquire infection from a contaminated water supply, and the evidence is 
conflicting. The following experiment was devised to assess the capacity for 
survival of the organism in standing water such as cattle have access to at Kabete. 
To a one-litre flask of pond water collected locally was added 10 ml. 24-hour 
broth culture of strains N.C.T.C. 3195 and 4308. The absence of pasteurella in 
the pond water prior to experiment was proved by the subcutaneous inoculation 
of two rabbits each with 1 ml. of the sample taken, as well as by culture in 
1 per cent sulphapyridine broth. The flask was kept at laboratory temperature 
and cultures from its content made at 10-day intervals into sulphapyridine broth. 
Rabbits were inoculated at the same time with 1 ml. of this material. It was 
proved that the organism survived in pond water for a period of 30 but not 
40 days. In a similar test made later in the year the organism survived 10 but 
not 20 days. The pH of the pond water used in the first test was 7.2 (June) and 
6.6 in the second test (November) and this may account for the difference in 
survival times. It was not determined whether the organism propagated or 
merely survived in pond water. The sterilisation of pond water artificially 
infected by pure cultures of the organism proved simple; weak dilutions of 
formalin, chloride of lime and cresol were equally effective. 

It is also stated that laboratory cultures of Past. boviseptica tend to lose 
virulence and die rapidly unless frequent subcultures are made on blood or serum 
enrichment media. We examined this point. Seventeen Past. boviseptica strains 
in our possession were each sown in broth tubes, which were then incubated for 
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24 hours at 37.5° C. and stored at laboratory temperature. The viability of each 
culture was examined at 10-day intervals by plating on blood agar and by rabbit 
inoculation. At 80 days, all were viable and virulent. At go days, only eight 
were viable and seven fully virulent; the exception was a recently isolated field 
strain which had been fully virulent in rabbits on first isolation, and the loss of 
virulence now seemed related to an acquired roughness. This strain—R.M.X.— 
maintained its rough chcracter over repeated subculture. Three cultures were 
viable and fully virulent at 145 days. The same tenacity was exhibited by washed 
saline suspension of a 24-hour blood agar culture of strain N.C.T.C. 3195 stored 
at laboratory temperature; the material was viable and virulent at 46 days and 
inert 10 days later. 


Examination of Past. boviseptica strains for specific characters, rough 
dissociation, fluorescence, etc. 
Strains N.C.T.C. 3195 and 4308, Stanley, Percival and Soy 1 were used in this 
work. (These are now referred to as the vaccine strains, as they were selected for 
experimental work on immunity early in the investigation.) 


Rough variants of pasteurella of avian and rabbit origin are said to develop 
readily either on agar or serum agar plates seeded with nine to 13 day cultures 
incubated at 37.5° C., and such variants retain the dissociation in repeated sub- 
culture, apparently as a genetic trait (Anderson, L., et alia, 1930). The fairly 
extensive literature indicates that rough cultures of pasteurella are practically 
avirulent in the specific host, that they are strongly immunogenic, that avirulence 
is maintained indefinitely in subculture and that, though laboratory animals 
may succumb to very large doses of such cultures such animal passage does not 
alter the inherent rough avirulent character of the culture (de Kruif, P., 1921). 
Anderson (loc. cit.) and other workers have indicated the high measure of 
immunity that can safely be conferred on highly susceptible chickens by rough 
cultures of Past. aviseptica used as a vaccine. 


The possibility of developing stable rough strains of Past. boviseptica as a 
vaccine for cattle is not referred to in veterinery literature. We attempted to 
develop stable rough variants from the vaccine strains. Thirteen-day-old broth 
cultures of each strain were seeded on plain agar and 2 per cent bovine serum 
agar plates and these were incubated for 14 days at three ranges of temperature, 
viz., 16° to 23° C., 37.5. C. and 39° to 42° C. After 48 hours’ incubation 
two types of colony appeared, a predominating small and smooth slate-blue 
colony and a larger mucoid greyish colony. After five days’ incubation, a very 
few blue colonies appeared to be undergoing a rough transformation which 
became more definite after 10 days’ incubation, especially in plates incubated 
at the higher range of temperature. Incubation extended beyond 10 days did not 
lead to increase of the very few apparent rough colonies visible on plates at the 
fifth day of incubation. Rough colonies were fished and plated on serum agar 
plates which were then incubated for seven days at 39° to 42° C. Less than five 
per cent of the colonies that developed were of the rough type. Such rough 
colonies were again plated as before, and again only a small proportion of colonies 
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were rough. This process of successive plating from rough colonies carried on 
over some months did not yield a stable rough variant from any of the five strains 
examined. The same technique was adapted to different types of media, viz., 
growing initial cultures to be plated in sulphapyridine broth, or in broth containing 
one per cent rabbit serum obtained from a rabbit highly immunised against the 
five vaccine strains. The results were disappointing. A few rough colonies 
developed from all vaccine strains incubated at all ranges of temperature in 
sulphapyridine media. Strains N.C.T.C. 3195 and 4308 yielded apparently 
true rough colonies which remained so in weekly subculture on solid and in 
liquid media. But when a small dose of such cultures was given rabbits sub- 
cutaneously death occurred within 24 hours and only virulent blue type colonies 
were isolated from the blood and tissues. 

The purpose of our work at this stage was to develop a strain or strains of-the 
organism in a dissociated yet stable growth phase of high virulence, particularly 
fluorescent strains. Such are said (Priestley, 1936) to be more virulent, more 
richly encapsulated and more immunogenic than strains that yield solely blue 
colony cultures. 

We have already stated that the vaccine strains develop two types of colony 
when seeded on serum agar plates and incubated for five days at 37.5° C. 
Translucent, small blue colonies predominate and are mixed with a colony of 
different appearance, which is larger, opaque and mucoid. The latter may 
develop slowly from blue colonies but to a very limited extent. Such mucoid 
colonies when seeded on serum agar plates yielded a preponderance of blue and 
few mucoid colonies and successive plating of the latter did not alter the result. 
No difference in degree of capsule formation nor in virulence could be detected 
between mucoid and blue colonies. It must be admitted, however, that broth 
cultures of each type of colony used in rabbit inoculations almost certainly 
contained variants of both colony types. 


The comparative virulence of strains of Past. boviseptica 

For some time prior to 1949, a hemorrhagic septicemia vaccine had been 
issued from Kabete for the control of the disease in Kenya. This was a polyvalent 
killed vaccine prepared from six strains of Past. boviseptica of Kenya origin, 
viz. Stanley, Percival, Soy I, Soy 2, “H.S.” and “ Vaccine.” The first three 
strains had been isolated from cattle in 1937, Soy 2, from an apparent outbreak of 
ovine pasteurellosis in 1942, and the history of origin of the other strains is not 
known. All strains had been maintained in the laboratory by weekly subculture 
on solid blood or serum media, with occasional rabbit passage to conserve 
virulence. 

The comparative virulence of these strains in rabbits was now examined. The 
material used was 18-hour broth culture of each strain. Two rabbits were used 
for each strain and given subcutaneously 0.2 ml. culture. “H.S.” strain was 
avirulent at this dose; “ Vaccine ” strain was feebly virulent, only killing after 
several days; the other strains were fully virulent and killed rabbits within 
24 hours, the organism teeming in the blood at death. The minimal infective 
dose in rabbits of these strains, as well as of strains N.C.T.C. 3195 and 4308, 
was determined as follows :— 
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o.1 ml. 18-hour broth culture of each strain was inoculated subcutaneously 
using one rabbit to each strain. In each case, death occurred within 
24 hours and strains were recovered, at death, from the heart blood on serum 
agar plates. Smooth blue colonies of each strain were emulsified in normal 
saline to match No. 5 opacity tube (Brown); 0.2 ml. of each suspension 
was seeded in 5.0 ml. both pH 7.4 and cultures incubated for 18 hours 
at 37.5° C. Serial tenfold dilutions in normal saline were made from the 
supernatant of each culture, where the cencentration of organisms is meagre 
compared with the rich viscous deposit. Culture tubes were not shaken between 
seeding and supernatant dilution so that a standard supernatant could be obtained 
as near as possible. Rabbits invariably succumbed when given subcutaneously 
o.1 ml. 10 per cent dilution, the reaction being similar with all strains and 
deaths occuring within 24 hours. When rabbits were given one-tenth of this dose, 
an occasional rabbit survived or the interval between inoculation and death was 
delayed beyond 24 hours, often considerably. The former dose was therefore, 
if arbitrarily, adopted as the M.L.D. for the rabbit and was used throughout in 
later experiments on the assessment of immunity in rabbits following vaccination 
by experimental vaccines to be described later. 


Although one M.L.D. of these strains killed rabbits within a prescribed period 
of 24 hours, there was, nevertheless, some indication of variation of virulence 
between strains as judged on the comparative severity of the lesions in rabbits 
inoculated with those strains. Thus, both N.C.T.C. strains, and to a lesser extent, 
Soy 1 strain, evoked in rabbits intensely hemorrhagic lesions of the lungs, liver 
and kidneys. Acute fulminating lesions were not seen in rabbits inoculated 
with other strains. 


That there is a difference in virulence between these strains was indicated in 
the reactions of cattle inoculated subcutaneously with these cultures. The cattle 
used in this experiment were two-year-old high grade steers obtained from local 
farms with no previous history of bovine pasteurellosis and none had been 
vaccinated with Kabete hemorrhagic septicemia vaccine. Five cattle were each 
given subcutaneously 2.0 ml. 18-hour broth culture Percival strain; within 
24 hours all developed fever with considerable cedema at the site of inoculation. 
This abated within three days except in one animal in which it persisted for 
seven days. Of three cattle, tested in the same manner with Stanley, two did 
not react and one showed swelling and fever for three days. Soy 1 strain evoked 
severe cedema and high fever in all of six cattle tested; two died of acute 
pasteurellosis within 48 hours and the remainder recovered in seven days. Soy 1 
strain was obviously much more virulent than strains Stanley and Percival, as has 
already been indicated in rabbits. Nine cattle, mostly used as controls in 
experiments to be described later, were tested with strain N.C.T.C. 3195, at a 
dose varying from 0.5-2.0 ml. All reacted quickly and very severely with high 
fever and oedema extending widely beyond the site of inoculation; three died 
within 24 hours, and the remainder in 48-120 hours with intense lesions of 
pasteurellosis at death. N.C.T.C. 4308 was equally pathogenic. Of three cattle 
tested, all reacted rapidly and severely and died within 48 hours. 


BOVINE PASTEURELLOSIS 43 


This result shows the high virulence of the N.C.T.C. strains and the relative 
feeble virulence of Kenya strains for Kenya grade cattle. The lesions seen in 
the acute experimental disease in such cattle were acute congestion of the pharynx, 
larynx, and trachea with widespread petechiz on the mucous membranes, lobar 
pneumonia usually confined to apical lobes, petechiz densely strewn on the 
pleural, epicardial and endocardial membranes as well as on the capsular surfaces 
of the parenchymatous tissue. All lymph glands were very oedematous and the 
cut surfaces hemorrhagic, the spleen was very congested and somewhat enlarged, 
hzmorrhages were sprinkled on the mucous membrane of the fourth stomach, but 
rarely in the small intestine, and there was no enteritis. At death, typical 
pasteurella organisms were scanty in blood films, even in rapid fatalities, and 
no higher concentration was seen in local lesion exudate. The highest concen- 
tration was found in the lymph glands and spleen, in which the organism was 
more typically ovoid, bipolar and capsulated than in blood films where bacillary 
forms were quite often predominant. 

Strains N.C.T.C. 4308 and 3195, particularly the latter, were used as 
challenge strains in the work on immunity. Their virulence was maintained 
by weekly rabbit passage, cultures being made on serum agar plates from the 
heart blood on death. Blue colonies were subcultured on blood agar and rabbits 
were inoculated as a routine with 1 M.L.D. of this culture. LDso of each 
challenge strain was estimated by the formula of Read and Muench (1938) in 
cross bred mice averaging 18 gms., as follows; 18-hour blood agar cultures of each 
strain were emulsified in sterile broth to match opacity tube 5. Tenfold dilutions 
of this were made in the same medium. Twenty mice were used to each dilution 
in the range 10°! to 10°”, the standard dose being 0.1 ml. intraperitoneally. 
Deaths in mice within 48 hours were checked by the isolation of Past. boviseptica 
from the tissues. LDso of strain N.C.T.C. 3195 was estimated to be 10°? and 
of N.C.T.C. 4308, 10°’. The number of viable organisms in 0.1 ml. of 10° 
dilution was checked by the roll tube method and found to average three. 


Experimental Transmission of the Disease 

Although bovine pasteurellosis can occur as a major epizootic disease in 
cattle, decimating entire herds, little is properly known about the pathogenesis 
of the disease, or how, when once infection is established in the herd, that infection 
spreads from animal to animal or between groups of animals. The literature 
on this aspect of the problem gives no concrete evidence on the methods whereby 
infection enters individual animals in a herd and thence spreads. It is stated 
that infection is through ingestion, either from infected pastures or drinking 
water. Daubney and Hudson (unpublished work) state that, in Kenya, the 
disease may be spread mechanically by biting flies or mosquitoes. We have 
already seen, however, how resistant are Kenya cattle to the subcutaneous 
inoculation of even massive doses of cultures of Past. boviseptica of Kenya origin, 
with the exception of Soy 1 strain which was lethal in two of six cattle. Indeed, 
most workers on the problem state that cattle, with the exception of young calves, 
do not contract fatal pasteurellosis when inoculated subcutaneously with 
recently isolated cultures of Past. boviseptica which kill rabbits in fractional 
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dosage; even then, massive doses are necessary as a rule to elicit a fatal response 
in calves. The difficulty in accounting for the pathogenesis of the disease is 
circumvented by the postulate that a certain number of cattle in a herd carry 
the organism in an avirulent phase, and that, under untoward climatic or nutri- 
tional states, such carriers may break down into the active phase of the disease, 
whereby the organism exalts in virulence so permitting an invasion of the herd. 
Bollinger (quoted by Hutyra and Marek, 5th edition) considered a respiratory 
infection possible, but only proved this in rabbits. 

Some of these points in the general epizootiology of the disease have been 
given some attention in the present investigation. 


(a) Predisposing climatic factors do not seem to be of any consequence in 
Kenya. Outbreaks of the disease as well as sporadic cases occur at any time 
of the year, and they are unrelated to the two rainy seasons. All ages and breeds 
of cattle have been affected equally. 


(b) No cases have been encountered in sheep running with affected cattle 
nor in wild herbivores. 

(c) We have consistently failed to infect cattle by way of the digestive tract. 
Yearlings were given massive doses of fully virulent broth culture of strain 
N.C.T.C. 3195 daily in the drinking water for a period of five days without 
reaction; nor could the organism be re-isolated from the feces using sulpha- 
pyridine broth. Young calves could not be infected when bottle-fed with milk 
heavily charged with the same culture. 

(d) No proof could be gained that the disease spread by mediate contagion 
between diseased and healthy cattle, even when flies and mosquitoes were breeding 
unchecked, and a great pest. During the course of experimental work on 
immunity, nine cattle were inoculated subcutaneously with broth culture of 
strain N.C.T.C. 3195. These cattle were housed either in boxes alongside 
healthy cattle or allowed to run at pasture with such, and occasionally with sheep. 
No case of cross infection occurred, even when there was a common source of 
water. The disease did not spread between healthy rabbits and rabbits in 
the acute phase of the experimental disease housed in the same cages and when 
flies and mosquitoes abounded and when rabbits were infested with fleas. An 
experiment was devised to examine more critically the hypothesis of mosquito 
transmission. A large jar containing pond water rich in culicine larve was 
placed between two cages, the first containing healthy rabbits, and the second 
rabbits given a lethal dose of virulent N.C.T.C. 3195 culture and the whole 
covered with mosquito netting to prevent escape of mosquitoes as they hatched 
out. The room temperature was raised to ensure rapid hatching. Infected 
rabbits died within 48 hours, whereas the others remained healthy over a period 
of ten days. In another experiment on the same lines mosquitoes hatched from 
pond water mixed with virulent broth culture failed to infect healthy rabbits. 

(e) We failed to transmit the disease in cattle or in rabbits by liberally 
spraying the nares with fully virulent broth culture strain N.C.T.C. 3195. 

(f) We failed to isolate any strain of Past. boviseptica from the naso-pharynx 
of slaughtered cattle at Kabete. 


BOVINE PASTEURELLOSIS 


Chemotherapy 


Sulphapyridine (M. and B.) and sulphamezathine (I.C.I.) are claimed to 
be effective in the treatment of Past. boviseptica infection in cattle. The first 
of these drugs has, indeed, been used extensively by farmers in Kenya in an effort 
to cure early suspected cases of bovine pasteurellosis. Solupyridine has also 
been used by the intramuscular route in order to get a rapid concentration of 
the drug within the tissues. We never failed in the laboratory to obtain positive 
cultures of Past. boviseptica from the bone marrow of authentic cases of the 
disease treated with these drugs. Experiments were undertaken in rabbits to 
confirm this finding. A series of four rabbits was given intramuscularly 2.0 ml. 
solupyridine at eight hourly intervals over a period of 24 hours, and then each 
was inoculated subcutaneously with one M.L.D. strain N.C.T.C. 3195, along 
with two control rabbits. Treatment was continued up to death which 
occurred usually within 48 hours. Treated rabbits died as quickly as controls. 
Sulphamezathine sodium (I.C.I.) 334 per cent was added to the drinking water 
of several batches of mice two days before inoculation with one LDso strain 
N.C.T.C. 3195, and treatment continued until death of all mice. Each mouse 
was computed to have received 0.01 gm. of the drug over 24 hours, an equivalent 
of 0.5 gm./mouse kilo, which would represent five times the standard thera- 
peutic dose of the drug for this animal. Such treatment was without effect in 
controlling the experimental disease in mice. The sodium salt of penicillin 
crystalline G also has been used, empirically, in the field treatment of suspected 
cases of bovine pasteurellosis. Past. boviseptica has been isolated from the bone 
marrow of cattle dying despite such treatment. We examined the effect of this 
antibiotic in rabbits experimentally infected with one M.L.D. virulent culture 
-of several strains including N.C.T.C. strains. Two adult rabbits were infected 
with each strain, and from 16 hours later injected intramuscularly with 10,000 
units sodium salt penicillin G at six hourly intervals over a period of four days. 
‘Control rabbits died within 48 hours whereas no rabbit under treatment reacted 
‘over four days; but, six hours after treatment was stopped, treated rabbits 
collapsed and died within a few hours, Past. boviseptica being isolated from all 
tissues. In two rabbits, six-hourly treatment was started at the time of the 
experimental infection. The same result ensued. 


In vitro experiments indicated that the antibiotics penicillin sodium salt G, 
streptomycin and aureomycin are antagonistic to Past. boviseptica vaccine 
strains. The diffusion shell method on serum agar plates was used. The peni- 
cillin salt totally inhibited growth at a dilution 100 units/1 ml. as did dihydro- 
streptomycin at a dilution 100 mg./1 ml. The end point dilution of those 
antibiotics that would give total inhibition of growth were not determined, but 
it was found that much higher dilutions of streptomycin than used in plate tests, 
viz., 0.2 ml. of one per cent solution of the drug in distilled water added to 
10 ml. broth, gave total inhibition. Aureomycin sensitivity of the same strains 
was tested by the method described by Bondi, et al. (1947). ‘They were shown 
‘to be highly and almost equally sensitive to aureomycin. 
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The sensitivity of the same strains to a wide range of drugs of the 
sulphonamide series was examined by the method of Harper and Cawston (1945) 
and the results are shown in Table I. Certain general conclusions can be made. 
TAPLE I 


The inhibitory effect of certain drugs on selected strains 
of Pasteurelia 


Concen= 


tration STAINS 
DRUG 5 mg./ 
100c6+ ong NCTC . 
yl 4308 Stanley $195 Soy 1 Percival 


Sulphanilamide P 3 


a 
_ 
°o 
rw 
we 
te 
Ca 


- 
o 
6 
4 


Sulphathiazole 2 33 23 2 
23 24 44 4 
Sulphapyridine 5,0 33 Pr 3 +t +23 2 
1.0 2 - - = = 
Thalazole 5.0 +2 a2 24 Po 4 
1.0 > baad bad 8 - 
Sulphasuccidine 5.0 2 3 2 4 - 
1.0 ad = 7 = - 
Sulphamerazine 5,0 23 3 PS Pa) 42 
1.0 - - 2 2 - 
Sulphadiazine 5.0 32 +4 2 2 2 
1.0 2 4 2 2 P 3 
Benzanine 5.0 - - - Bs = 
1.0 = = - - - 
Sulphaguanidine 5.0 - - - - 
1,0 - - - - 


Sulphone 5,0 - - - ~ = 
1.u - - - - - : 
Sulphamecathine 5.0 22 +2 3 2 2 
1.0 t 3 2 2 2 


NOTE: 1, 22 = innibition up to 60 hours 
2 = inhibition broken dowa between 24 = 50 hours 
- = no inhibition. 


Ze One control plate to each culture §ested siuowed 
naxical growth at 24 hours at 37.5 °C. 
on these results. Of the drugs tested, only sulphathiazole had a definite 
inhibitory effect, while sulphamerazine, sulphadiazine and sulphamezathine, in 
that order, showed a moderate degree of inhibition only at the higher 
concentrations. 
(References for this article will be included in Part II, 

which will be published in February, 1957.) 


REVIEW 


REVIEW 


BACTERIAL ANATOMY, Sixth Symposium of the Society for General Microbiology, 
held at the Royal Institution, London, 1956. Edited by E. T. C. Spooner 
and B. A. D. Stocker. Pp. 360 ++ numerous figs. and plates. Cambridge 
University Press. 1956. Price 3os. 

Tue Society for General Microbiology places all who are interested in 
fungi, bacteria, protozoa and viruses in their debt by the publication of their 
symposia. The latest one is of especial interest to bacteriologists and it brings 
together in one volume 15 contributions on bacterial anatomy. To the layman, 
it might appear to be unnecessary to spend so much labour and thought upon 
the few parts of the bacterial cell which are visible through the light microscope 
or in electron micrographs. Flagella, capsules, the cell wall, a nuclear apparatus, 
sundry granules and inclusions may be observed. Chemists, biochemists, physi- 
cists, geneticists, microscopists, as well as bacteriologists, are deeply interested 
in the interpretation of their structure and functions. It is recognised that bacteria 
obey genetic laws and that they are the subject of biochemical processes and 
changes similar to those observed in higher plants and animals. The recognition 
of a nuclear apparatus inevitably leads to a consideration of the relationships 
between structure and function in these minute and living agents. 

Bacterial cytology has a vigorous exponent in K. A. Bisset who claims that 
quite frequently the shape and pattern of bacteria or of their structures may 
give a clear indication that they belong to some particular biochemical type. 
The studies made in bacterial flagella and bacterial capsules are dealt with by 
B. A. D. Stocker and by J. Tomcsik. In both contributions attempts are made 
to consider the functions of these structures, their immunological properties and 
in so far as capsules are concerned, their chemical constitution. Two further 
contributions on some of the biochemical aspects of capsule formation by 
B. anthracis and B. subtilis, and the cell walls of bacteria, complete the list of 
papers and discussions which deal with the outer anatomical structures of bacteria. 

Usually the protoplasm of bacteria is enclosed within the cell wall; the name 
protoplast is given to the structural unit within the cell wall. It remains 
unchanged even when the cell wall is removed. These protoplasts are not equiva- 
lent to intact cells and yet they may be capable of many of the activities of the 
intact cells. Our knowledge and understanding of their properties is increased 
by the contribution of C. Weibull and J. K. McQuillen. The cause of those 
forces, which separate bacteria from their surrounding medium, and those which 
connect them for the purposes of receiving molecules of nutrient and for the 
expulsion of molecules of waste, are examined by P. Mitchell and Jennifer Moyle. 

C. F. Robinow discusses the studies which have been made on the chromatic 
bodies of bacteria, and the bacterial chromosomes receive attention from E. D. 
DeLamater. Both articles are enriched by drawings and excellent photographs. 
Similar contributions on the nuclear material and on chromosomes by O. Maaloe 
and A. Birch-Anderson and by C. G. Elliott are concerned with the many aspects 
of, and approaches to, bacterial genetics. 

In the final articles J. R. G. Bradfield deals with the organisation of bacterial 
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cytoplasm. The conclusions found in aerobic spore-bearing rods at the time of 
spore formation are discussed by C. L. Hannay, and the structure and develop- 
ment of long forms of bacteria induced by antibiotics, by starvation and by 
physical trauma by W. H. Hughes. 

The symposium reveals the trends of bacteriological research into some of 
the fundamental problems which are puzzling the minds of many. It is made 
more valuable by the fact that approaches to these problems are being made 
from different angles and by individuals versed in different disciplines. | 


NOTES AND NEWS 


Opening of a New Department in Glaxo Laboratories 
On December 5, 1956, Messrs. Glaxo Laboratories Ltd. opened a new 
biological department at Greenford, Middlesex. The building, which cost 
approximately £400,000, was planned and equipped very carefully, providing 
increased facilities for biological research and production. Our readers will be 
glad to learn that a large section of it is being given over to veterinary research. 
Messrs. Glaxo Laboratories can be justly proud of this new advancement. 


The First Fellow in Poultry Husbandry 


Tue National Poultry Diploma Board announces that the Fellowship has 
been awarded to William Percy Blount, Ph.D., F.R.C.V.S. 


The Royal Society of Health 


THE Royal Society of Health announces that Fellowships have been 
conferred upon the following in recognition of their noteworthy public health 
work: Mr. P. W. Daykin, B.Sc., M.R.C.V.S., Head of the Veterinary Division 
of C. J. Hewlett & Son, Watford; and Mr. J. M. Olivant, M.R.C.V.S., D.V.S.M., 
Lecturer in Applied Veterinary Pathology, Liverpool University. 


BritisH GLUES AND CHEMICALS LTp., manufacturers of “‘ Churn Protective 
Mineral Feeds,” are moving from 96 Bridge Road East to Imperial House, 
15-19 Kingsway, London, W.C.2. The change of address will take place on 
January 14, 1957. The new telephone number is TEMple Bar 7777. 


“ TINEVET ” is a lotion for the treatment of ringworm in cattle, horses and 
pigs, containing 0.25 per cent hexadecamethylene-1: 16-bis-isoquinolinium 
chloride, a new and potent antifungal agent developed in the research laboratories 
of Allen & Hanburys Ltd. In addition to its antifungal activity, “ Tinevet ” also 
possesses a high antibacterial activity, an important advantage when treating 
skin lesions. The formulation of “Tinevet” has been evolved to produce 
maximum penetration and ease of application. To act as a marker, a small 
percentage of crystal violet has been included also to permit the operator to 
determine treated areas. “ Tinevet” is issued in bottles of 500 c.c. at 8s. 7d. 
each, exempt from purchase tax. 


